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(57)Abstract 

PROBLEM TO BE SOLVED: To reduce gas consumption 
by removing a volatile composition comprising a deposit, 
formed in a second region of a processing chamber from 
the processing chamber. 

SOLUTION: A processing chamber 10 is divided into first 
and second regions 24 and 26. The communication of a 
fluid between the first and second regions 24 and 26 is 
increased so that a deposit in the second region 26 
reacts with reactive species, forming a volatile 
composition from the deposit formed in the second 
region 26. The volatile composition, formed from the 
deposit in the second region 26 of the process chamber 
10, is removed from the processing chamber 10. Since 
the gas consumption is reduced, a gas supply cost as 
well as gas disposition cost are reduced. 
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to&mm? >j— -i/^-r^fctfxD^-efe 

ot. itns«ia^v>/<wai*. si (oiuai:m2«)«i 
ta£*ru sies 2 rofi#i*fiiEmi capiat 
y. mri2*^i*, (a) s(5a*»fiE-rsfc«>. ^j§i* 

U-->^#x£fifx-5#X;I£8j£firE«ia 
^v>/\\o*Ml-e#p&-r -5*7^:7^ (b) UEfflis 
^•vw^uiastBa^Stt-rsx^v^i:. (c) m 
Effia^-v^m i w«@iart-ei?ries*Ba$nnEii««j 
tstES-e-sxT^i:, (d) itriH«as^v>/<mi 

^-T^^x-y^i, (e) SirEffiaf^^Agn <B«I 

jg&rt js * titcmmvafr & » j£ * *vfcS&E&58tt=<D<b 

(f) 6?te«i3S^-v>/^i (Dm&twsmttkmT^i"* 

(g) 6&fB«ia : ?A'>/<S2 0>ffijgErt-e. laEKJsa* 

lillHJte^tSlS^-fr^X^^^i:. (h) flrEffia* 
■V > ASg 2 OfUSfl * Hfc ttliBlie^l €» Jf 3614 
toit&WlZl&flit&XTvyt. (i) ftFES&a^-VV 

S«tt(D<b^te$. WfSffl3^-v>/\*frP>iayi8i<x^ 
MttO iifettWta i: SJt * Hi- *ltrSBX t v Zt 

>/ <m 2 oca e * i= v a * Hfc*a«8 1 sis * ta- -i.su 
[ii«95] mean a>#x*t:F5Si±#xT?a&y. itr 

E35 2 <0 1SX a y >tt;#x -e fc £g#JS 2 icfB® 0) 

it *m 5 i=e®0>^&. 

atitmt 'j-->*#xi-99»Ki±rofi¥8i£3i#ec-f 

tt*a3l=Eaoa&.. 

8 ] sates i <dk * itrEm 2 »ff * <fc y 

UR«« 4 |cE«<D*ifc., 
[Et*JS9] I&ESS1 0>E**<. f&ESi2<DEEa«>» 

2 fsu&sts*^ 4 i:ee«>«s. 

C8l*Eio] S5ES1 ©ff *A<»2 h-;u-ei54H 
*«4I=EK(0^. 



[H#Jiii] «ia^-v>/<l*JlcE®**vfcS«Jilc 

j£**ifc«ta«s£. auNKfttt-efeoT. (a)i5Effi 

X SE&jg U fiJE? u — - &S(6a*» 
fi£-f£X^ (b)|JEfi(5atS^*H*4^5§tt 

v?t. (c)iirEffla^v>/>*$si oe*i=$ii#l-d 

•o. 1irEffia^*VAirfflE:tfXji£&£a{ftr£XT 
v?t. (d)ltrE«ftS5 1 A'>/<$«rEmi 

loo, UEStsa$itrE*ai&i:jSfS*-i*r. s&tt 

tfMb£«j£ffJ/£U lirEStl <0ff*-r?»fiE*4i 

f=itrE»sitt(o<b'&fe *i5Effla^ * >/ t. y nt < 
(DffaicfiirEffis^-vv/^itif sjca*%r 

^ItrE^xjS^^^fflEffla^-vv/N'lc-^^Sx^ry^ 

(f)itrE«ia5 i v>AS«rEm2(Dff*icin#uo 

l5ESfEa*UElta«3tsa*1i-CS5614©4b^ 
&£«*fi£U -t<D&. fiFES52(0EE±-T?flm*;h.£!irE 

Sfsteanb^&staEflia^ v s>8i y » < sfcco 

Tsn-vlt* (g)ltrE^-V>/<rtlcSffi*ESt!-ri=. 

BtrE«aa^-v>/<rtt?flia^$fftv tirE«ia^*> 

[1S*^1 2] ltrEm2 0>BE**^ ItTEmi (DEE** 

y«^n#JSi i tffitfflsa. 

[1»*3S1 3] f&ESS2 0>Eaj&^ 1ilEi1©ff*(D 
W#»t?&4iS*«i 1I3EK<©^. 

[&*Si1 4] fl!TESteatjl^*-&-5^tt«X* 
g«LT#Xjl^!|&i&Jg«-r*StEXT!y^A<. SKB 
tfMK. SJSa^rofctolcfflt^^S^ ')--^<fii 

im*& i 5 ] MEsaa^'V >/«t>m i ofliaffiiat 
UE^ii^!ia$a«L. itrE«aa^^v/<rticsrES 

2 0>ff*i£$tftL.oo. HrEmi <D«ia«l^e>^!5:* 

»2©ffla««i=«L. sf&a«nsii«fl(rE#xii^a 

[if*JSl 6] &ffi<D±U:*>$Ul,£fiix.£K£i§a 

■rsfctf>i=*T4?*tfcsa«iag^fl>ea. ffia^-v>/< 
<crt®iic»«**tfc^ ;u£fis ji*Jia«8£«i y » 
<*atftit, s&Ejaa?"*>Af*sii »«ka^ 
itrEmi <o«iaiiJa^ i*n>&4SS2 nmmfamtz 

mx. (a)ltTEflia^V>/«Dn©i8BI J f 
^X^^^^-rSX^rv^t. (b)ltrEf 'J--^<fii 
X6^&£J6a*S5±*1i-Sf=«>l=. ltTE^^XTT?ltrE 
9 'J-=>y#X«ifitSXT7?t. (c)lirEE(S 

ai=s^*-y-*^isit#x$a«LT. ^jstt^xts 

«a*<8*S#XS^«B$Jefi£f*XTV^4:. (d)ltr 
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^ftti^tv^t, (e)«rea97^>/<«flti«> 
ee*ic«^loo. liriBmi ammnmnv* uresis 

/<*&Byift<x7?:7&. (g)stesn ©ffla^Jat 
zft. (h)|iriH«as ; ?v>/<rtizS2a>«iaiiigEi=i!riB 

# X;1£«J £ffitt-T £ C t : ( i ) StrlHffiSf 1 * < £S5 2 
«>E*l=«ti#L-3-3. ttriHS2«)S!ia«IiartTf. IMBS 

ik*M*»«-r«x^v^ % (j)i5iBm2 0)fliafiig 

si=*u mBAaaittti*. ureal i o9m.w^t%z 
■ si me*' j-=>y#x*«/\oy>-c* 

■MUH.6I=E«a&9c. 

[e§#JS2o] «re^ 'j-->y**xA<NF3-ea&sit 

*4I 1 6 icESa*.*. 
[■MK4I2 1 1 fiTE^StttfAA*. Art. Xet, Ne 

[%Qiia>f¥$B«iS.9)] 
[O O O 1 ] 

14. *58WI4. *>*/u£*r-f SIS. fllx.tfB&fb* :/ 
*)V (Ta205) t?©Jtg©&. Ox/\jaiaSS<»f»gSS8i5 

[0002] 

«m«@B do $»fiE-r*s*r=i*. *B«>64j(#e 

V KDDRAM$256ji^e<y K I^fftf'j; h &«lM4*:tl 

UT+*/<i/f-f £ «fc y *# < f s co&s 
tt!4. «S5l::m^Hfcffi3|5<&fS«t*B£X* 



ro^dc, mxit-Mitmm (si02) *y 

£. Sltm*** (9llxliTa205) $*r-ra*-w<-> 

2I4S». «3*PM>5tSi02-Si3N4-Si02X$ V> **/<2/ 

onrafctty. -5-*vi*. h7>^x^(o«tyifi}*Lfcx 

■efc-5»«roi-3i*. si02(06teJa±roH:gia^*#-r* 

ct$^thii lta^-r^yu^jgysLfca. A3B 
^^>/<rti=s®-r-5^s*ifta«!i*ssy*si&a* 

[0 0 0 3] *lfflqrffi$:%$^%a> 1 OlC, ffla^v> 

h) ?5X7i?i*U- $<D?lJJB;&tfe£. 1995^9^12 
H fEfrOH i tach i OJfcS&it&S, 449, 41 1 #14, Si 02 (OH 

•feX^RWf 4. C2F6. CF4. CHF3. CH6. F2. HF. CI2 

cro^fr-cii. ^-v>AW<omffi(cRFai!i*Hiai 

[o o o 4] 

[&!8A t <g»L«fc5 it -SKII] Applied Komatsu Tech 
no I ogy Id 998^8^ 4 H fgff t ^ff5, 778. 788"? 

14. fcot-€-3,000~12.000'7s/ h<Oa*J&"7-<^narV 
— XXttfci-t^.OOO 1 ?^ h/'J V h;U~48, 0009 V h/ 

s. 

[ooo5] cottfr-eu:. r;u=f>. ^y* 

A, zK^fc(4K^©^aa>+-V'J VfxSfflUT. 

s&L. fc4^i4Jta^-v>/^o^x-7a)fi^ao:ge 
[0006] ¥3{$x$r=msL.To&gij0i3@i4. m 

14. ca>KHO«Ei:'EE*0!-efc*. S*itzif>)--> 

mniLtz. v y-=>y#x£«fcy*r8iizfijfB-rSw£ 
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ffXgiggfflAMSJi**!*. Cfl)3tfi*aSI4. Ta 

[0 0 0 7] 

[is&sg?*-*-* *:»©¥&] *§tmo>mi*mt. «*s 

?y-->-y-f arfrsfc-efcor. firE*&s^-v:w<rt® 

«i«fc**u KiT<©ayro^T-y^*<axrfcy. * 
Kfca£©j£-r£f=tf>. ^fsn^t<? y— - 
>-y#x£«t;L.5#xji^«!i£* utrEffls^-w^am 

M -euemsBj sarEKisa «t st& * *»■ * x ^ -7 . 
*y. ffsntroffl^^^fiE-r-s^^v^i. i5ib«is 
•5ltriB»sitta)ffl«l&$i?ri5fii3a^ v y Be < 

^•v >/*om 2 <DMiart<Df!iiHitaia*itriHfi(&ai: s 
(BS-H-^X^-y^i:. nriB«aa^-v>/<<om2<D^iaM 

5xf»;^t, mfia«ia^-v>/^2 0)fiJap«ji=©fi6s 
*i*«««i!^&»«a?*i*iWB»*tt<»tt***. ote 
«Bs^-v>/<A^atyis<x7 i ^^fc» **rrs. 
[000 si *«i^<ogi]fl>at*e5ii» *ia**>/<rti= 

1 off*iz«i^L-3o, nE*H®**:"<i=flrE#xs 

ATf»ift£4i.«*E*fttta>IMt*S« liiEflja^vv 

m2<oE*ii=;itrEsaa^-v>/<*«iituoo, stsafc 
•*r i**i&E:tfx jE^&sftrEffls? 1 •* 

ax^r-y^i:. firEfflkS^-VW^BtrE^WEEAIctf 

SLoa RCfittastlieJtMfeKKftdeTfHBtt 



*iUE»«tta>fflfiE!B3 $tt&mm? * & n y * < 
X7-»j7t. i5E&35 L A'>/<i*-efli3J£f££m\ f& 
e** >/<p»ii-sffi^Ee-a-ricfJEflia^A' 

to o 09] 

?a.<5o><? y— — >^^p-t»xi=ii-r-5*©-efc*. c 

f'j? ;pxai= iot §gjt * *i sxzx $ -r ;kd -> > y >\, 

(Ta205) to&mmm. &m&mte*nm$i& 
8.18 izmmn # -5 ^ ;u3*<z>«i3*>x t- A©-gp-e 

S>&. JilTa>E^&t;m«:«l-CI*. Ta205£«g*.£K0> 

*cti&< mm<Di&m^ ^A&ifmmzmi^simx' & 

fc I** IMC L ft «>tf & 
[0 0 10] 011*. SiS^-V^AlO&tf&Pg^vX-* 
i?i*U-^60$^-r-S*f§W<Dffia->XTA5»mil 

H-efc*. *&3^-v>aioi*. y v K20&^-v>/<* 
jssaw*ftfc«k3^ig*i*is-r5. y K2o&v : ? i -v 

^««T?^&*V-5. y*>/<y V K20i*{*22 

[0011] mizniZH&itmtihismitw-eit. sst 

*D»S«3Ei#{t28*<^-V>/<10rtlC#xe>^ C+Hi 1 ? 

tt-r**^ cwsaitasjti*. 09^.1*. *>*ji>mmw 

<0»SI-J:i>Ta205<DJta. 09*1* (Ta (0C2H5)5) . TA 
ETO. ^ >9/l-f l>7X h+-> K5?^ WS-/ I 
-> K (tanta I um tetraethox i de d i methyl am inoethoxi da 
(Ta (0Et)4 (0CH2CH2N(Me)2) •¥>TAT-0BAE^t?i5*. & 
«3£l#»28rt<0«tat— 5»29l=^-x.e.*l*a*l*. t- 

zMmmwvuz&ymmttiz,, t—* 29^03*1*. 

S«3£i#«:28(DSlItt®«*. 'J 7 h>*-XA42l=J:o 
TS9©*iK4. 3E^«:->A?7 h41*<. St53El#»:28l=e 
•a L« /*-XA42$}$^Jl(f*. ^^>/^10rt<OS« 
JSfceiOttaXttXK-- -V K32 

oT®ts«s:lft*28roJia<73fH)<7)giraffi(s-e&5. x 
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&z>m&frt>m&z*i*>o Mini isw—^v K32i* 

[0 0 12] 7K>^i5<tJKy#i4*ffl^r. ^^v/^io 
seai, ^^>/^iortizEE*ps^*t^^sfii«-r 

*28$i5iyfflt?^>e>^'V>^;u40fz®ii-rs o # 
>e>^ffi34^. igs<&?ig36£jyiL. ^«v>/^gp 

— i >>^38l*. Sffi3£^#28*7K>e>^ffi34^t>Pir 

&o Ei<&ttSM£^v>/<iorzoi>-c. xk- ->>^f3 
8(io. 112-r >^-0.088-<>5 1 -cfc'5>o ::a><fc 5ic S 

«£ft{*28£/1*>e>^ffi34l*Sgft#MC. ^-V>/<10(D 

*sp£. jifig^a«iS24tT®3rts^26»c^S!i-r^o 
ffi30£*rra o 

[0 0 1 3] sasitfxf*. ^^>/<100>n(13T?^X1^^ 
P — ^501*. ^*>/<10^(&#XSAf::/?1l>*Jh,&-7X 
-f 46£48j6*jb<B#X[*. /<;b^&t/=i > S ^50cfc 

y. rtsa>^-v>/^ia24ai;26izA^fliriw. ^*>/< 

*^5-fE«52;> U^K20. ^X»K«30*Lri/A"7 
[0 0 14] **X*a®LT^^>/^^«24 

s^26iz^s^a*ffi«-r^fci6izfflt>t)tt^aPi^ 

^X7£/Si/X^A60rtMgil3«^3;K& (> iSPfl^X 
-7i;x*U— *60<D1O<Z)*JjSl*. SPI^X^!* 

£. fc&^*>/<ffiS^24£26rt[::* U--><fXI* 
^P-bXffl^lCffilx^ZtlZcfcy. S«£*H*28^<BI*3 
»ft>/«fl, i/*«7— K32X«*7K>e>^34 
A<. ^^X-7^fiE0)fri6(zrta«B31fiia24i:26rt(CRF 

s»+^i>«fc5^"r*o asi-c®e**ifc^7Xvircfcy 
[poi s] xoae^u— ->^*aic 



f £&#XI* *0>ifi < I3$S#T? £ 5 ^ I* 9 C t V&Zo 

m x i*. 475^^Ta205 £ & fc th \z ? \ >/ I * 

j=y, ift©^p-fex^iSPi®e^'j»-^>>/^D-trxa> 

[ooi6] ::t\ Hilc^**L*api^5X^vx 
^u-^6o<DBSiaizM*ifi. *^^a)3iPi^^x^sa 

621*. hP>^zL— :7£iIX§U C*U*-*-f*P 

«i*^tt*tt. ttSfcifc^y*bP>^zL--:7 
s^-r-So -ca&fM^M-r^s^i*. 7/«Ki:* 

I*. r/~K^ffi(7>^-e. BEE^S. ftt^LV-f^Pift 

£§§3rr&o 7>-x^-i*. hpr/62^t>7-f vb 
v 64i*. hP>62^a>a«$tecf=A)rr 
* -64^ * * zl ~i-~6s^t T-f*p&£®< 0 

[0 0 1 7] ^zl— :J— 681*. V^*hP>62££P& 

So ^3.-^—681*. •v-^rji'X.itmsivm&pimv 
fe^o affl^i-^-A^j.-^-68-effi^^tt^ia^ 

(*. Hea>«tT^im* (forward power) *SS^fz^«|W 
fz&^£-fe»-£fctf>f::. K/t?9A#£*7?* hP 

p-^7oi*. s^a**g/h(z-r-5fca6. ©^66^0) 
i^isx^^(o^©s©jffli-r^o ^fc. *-h^i— 
a > k p-^701*. itrita*&i;sita^a>gi^aj Ltd 
itT*(**<. x^^a>e©*s^-r^o 

[OOI 8] ¥SK05^-^-£flH*<5i§^. i&SI^ 

cr. x^^(7)ias$^~zLT;u-c-fe^ h-r^-^^-e 

>hp-5i*. ^ y-~>^±rx. «ii«NF3^^7 

f£it-ei*. ^7X7 * m L«j#t * c t i*as-efc5 
a®, eaofa- ^--=j> hp-^jb^^-efc 

«>o ^-n.T/UCD^zL— r*i*. aiC^vX^fiMX 

^xicfc y ^7X7W?'J 
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X. &m2htz1iXfotiX\tfZtomm<®*fr$>&X# 
#X^;K*<ffiS**iSo 

[001 9] ^-<^p«T^u^-^*^e^-f 

3b^(D«XA<7{f* hP>62frt>a>-**f 2 P»X*;U^ 
<tiiig£l»C*:tf>f^ TzL-Z?7St76&V)V 

S^^ai*K77ic^tt**t* 0 ^^-^-es^asfc^-f 
^p&x*;^!** C<&fflfc-7>f *p&j6<^— ?75t 
isiz flit 8 4x S £ 5 . -rzft) \— * 72izm^ 2 tltz V -< 
*p»^**;u7i<a*£i£arrSo Stt<b§S73l*. ^ 

V^;U71t^^T<V^a.-^760>eiBfDia)S^g5^fC 

§S73I*4.733 x 10-3IJ-, h;U*efcy. "7-<*PiftT-V 
*A,71 l*2fft*<&»r® *m LJg£«J3. 4-< 7>f 
^i— ^76li1.040)-<>^<7>I^g$ 

SL"CL>Se ftgtoft^*p&m2ia>g^-efcSi4oo 

-3200*7 Hi. ;£tt<bgfi73rtl::295,800W/L~676, 10 
V-f £ P&B^JlwJcoTSSfbf &o ^^OR©«Tf& 

teo^tt * p «^ v *;u7i \z&m x$z^tt>m 

VX$&&£tiZ>tWim2*iXl*&tf. Ctibli7-<^p 

Stft * *ts # x ic^tt-t? ft ittu* ft ft i>o 

[0 0 2 0] #Xft«&^-078*^LT«te$tV^^3X 

*fci*#x»tt* v-<^p»T^u^r-^72rta>7k>ft* 
^Sltfc#X*fcli^Xgfl*-r^-MbL. zhBMf 

v>/\Mort-e^<DS^7 <)—-><f&fttmmmmzt$i\ 

«fe5ft^y-->y*xttNF3t?fcy. c*u*. 
^v/^ioca^izSiELfti^^ iaas^vv/toSMi 
ja24^26<o^ y —->7<Dtzftizfrfc&(Dmi^m : £& 
&-rz>tz#>izm^zztt><vz&o ^>r*PiS/<9-u 
*;u*. ^fiE$H^s^ao>a^*t-r^i-o<oiss-eft 

So ffilx.fi. &35OOW<0V-f ^Pa*/*?— UK;W*. &i 
700sccm<DNF3S^fZ«(S-ri>-t3&^Rrtg*C&4o 1700 
seemly *£ft#X3SI[|jb<. *|g£ft*y-=>^;tfx 
SS$4i:§cttfe4 0 ft:7vX^&£f£^-74fi. * 

r^u>r-^^r^e^-<72Wic^-rss^ttai*. * 
* >/*e«s^ -< >88* it it ^ v >/N*io(cttjs^*t^ 0 
[0021] mvm&&mLx. ^*>a#us^-<>8 



8wa>sKttai*. *Hep#9o£iiia-rsa<. ccd$i]8p#9 
ott. ^-v^^/^^xii^gsjtossg/Oi/^^x^Ao) 

X7vi^u- ^6o^t>cos^tta(*. 

^24Xt/26|cA*l?FfC. tfXttJ&^f >52. y ^ K20. 
#X#K«30. *LXi"*r?—^V K32tf> + *35*tSo 
[0 0 2 2] alHI^^X-7i;x^U-^60CD + -cjgg|aF 

tvS^tfxi*. #xi^^86;&im<B4>i3ff?&<**i 

So y^U^&t;$g®^*-XA80(*^X-y-^v-<860!)fc 
/^U^&tffcW* *ziXA82l*. #XU-:7^-<84 

;u^i:35*L©J^>*-XA80t82COai*iaS^I*. 

li. ^:?^Eg78£ttLTV^*P«7:7y$---** 

■vex^72izsi«*^s 0 *^rc(Sor. n*vzf^ 

-Y84I*. ^•V>/<10(*3fC^^^SJtS«l<D^<Dtr:^ 

os^aiz«gi*^s^ y — ^>^#x<& v-x-e&o 
ft***. ^tt^xx(*^y-^>y^xr*^a^«ift 

y\py>ty\P^Mb^A>e>g^*ttrtcfcl>o 01* 
tf. K/6tt#Xfi, JUL »*XI*C0Mb«&tt («xtf 
NF3. CF4. SF6. C2F6. CCI4. C2CI6) TfiotUO. 

SiSttaJfxaaftii* »yi»w3fc-r**t«r«#-j- 
So ^aao)f«anftji(«flra^<6*t«j:3 

— - > ^f-r s fc a6 izm * tix *, <t i\, 
[oo2 3] 3itz*&miz&iL\^ xxv-y^^mts 

2(SOgW£W-f £##XCDV-X-efc£o -*-zl7)U 

<d* i— eos^r-r s t> ^ -< ^ p as? x * u— $i 

-S®60fC^LT. ^tt^X^^lNT. ^-f^PiKT 
^ij/ r _^ + ^eir-r72rtfZ^X'7*^^-rSo $2 

iz. BlTlzE-TttlcttlV T?Stt^X*SJCtta>^Xi: 

HttHKU s«awa**i»jh-r*cfcrcj:y % 
>/<iotcSt"SSJCao»*ii/ra*-frSo 

^xs-^jta-rs-tj*. *^f><ojR^a<D^^>/<iort 
(z>^«E^ra*iito3$i±sc^icftSo TSHt»7fc^y- 

-->^tc(*S«tt(7)#X(Difc*. 35a^ZOt^TSi^ 
Lfc*<. ^Stt^Xt^'J— ->y#X<Dittt. 

10lcS«*tlSS-^X0)ffl^fi*IH^-rSC^:^# 

So 

[0 0 2 4] ^X-9-^^-r78A<r^'J^r— ^72(Z^Stt 

^xs35-r«fc5ic % an sxt;7fc«^*tts^ cti 
\zw*x. TStt#x*«<&v-r>88-esjsa03S4ii= 

^itSCi:^T?#SCi:^31«**tJ:5o 7ZfVr-Z 
72(Z)T35^JR^ao)35tt«w^tt^ S C 1 1* % 

r ^ u >r — * 7 2 w (o * y — - > 9 a x o> 35 ti \z m to * ti 
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tilt. V >)—-XfrtXtzlfff77 t ) J r—*72(n'P&3& 

[oo2 5] ®uzm*2tii>*o\z^ an?7X?4 

m V-X t *lcEi^-rS«fc 5 l-&iE SJttfcfflS^ V >/< 
•C. **?3*^ff-r-5wi:AtRl|g-C?fc*. 031*. *5S 

o^ttS. aw^?X^r*y-=S/$r*a-feX*«. 03 
(D^S. 01<DfflaS/XxA5*|^tia>iElh>X7 i A<D 

[0026] -?ny930UJ>tt>[z.7ji2il.% > &.5lZL, 

won <ox^:7i4. mm?*>'if*nzmmifo&i&iii 

Sfl£iI^TS - £ 1= <fc y S&<b* >*;u$i&*®?--5 1. 

t — £=J>hP — ^44j!>*. ^450^(0 JSWSffi 

f*\ 'J 7 h«^42l4^-V>/<10rt-p. i/*? — ^7 K32 
l=*t LT4005 JWmMV&ti&L&toZaZmm L£fc-£ 
<0±(c>x/\^iBS-ri)o HKD#X-»:/7-f 46&tf48 
I*. &Sl*fcl*Si£<bgSSH?a>K<b#X £TAT-OMAEg:fc 
l*TAETOt?<»$ >^;HiTKt*SWrS. N2t t^ofc^fS 
14#x£. *>*J\,mm#0>tcth<7>*-*<) J v1SxkLX 

•v>/<ioica^,, 3ti#<*28±icKM$*t*sfia)SS 

f*. 3&A^£#XSiE<**^3£&<b$>*;u£}BJ«^-&l:: 
[0 0 2 7] ^P-trXlz«fcori*. &&tiiffmmZ1\tz 
^Mtt-ao^P-trXv— y>xa>&fl>. fc-SlM*}SS 

A<«&100;f->?X hO— i»(A)0>Ta205j&a>gl-flfc-5J§^ 
-S<OSfi*<«lS**l*Ta205roiigT?fc*„ $8 

/ & J8 y Ul * *i ft ^ v > / \* I* £ ' ) - - > ^ * 4t -5 o 
Ta205<Dfc<&<Bfta«fc*!i31+>--f * ;K*. ^lOO^^X 
ho— A(A)«>>x/\500tJt^i:l=, &4»IM*. K©1 5 
^P>Jt©CTi:l^ -B**>/«** 'J— 

[0 0 2 8] ^*>/<10§¥<© IS©? 1 •*>/<(*. 

£jec£-t!-Sfctf><&+«-fc&gT?l*. rt«S®«24aO:26 
<Of=«>l::8&x*/i,*-6m<D^®S*r Lfct^-v >/<l0 



l?©«fivlmgRltiS^-v>y<-CI*. .yK320»T 

#>tf>y«34<Z>±ffl|®&tfgn OrtSS^S24$ 

*ti*o s«3E#(*34*<«iaaF*vct>5SS«fcy*#^ 
=h&i^«3m#34©xiigsro>i-jii::£c*. sam 

fc?ij-->?:?Q-fex-9-i'*;uT?i±. §»&!*. ^x 
/NCDtta. ^P-feXRtf^x/xxKiftg-rS&JSKJ: 
or£<b-f 

[0 0 2 9] 041*. ^l/tf>^t634CDXvi?4:. -ta 
ommzfn-kXZMI&lkX*-- »?38lz J: y BIT &*i 

tt»Wfc£SI»«i:*y— =>*:*P-feX <fl*.l*Ta 

205©*®) -ei*. ^x/^a^uriooftfliasti*^ 

X/\A<100^-^^X HP— A<DTa205^$Slt4o -(Offll 

wm^jms. s«3t»«=28icgtifiU7K>e>^fi34 
r«<b-r*. 

[0030] tf>e>?«34£Sffi3£f#<*28i:: < fcy^* 

>/ *1 <>*<(*) ««J*24& 26K H*> lt±»«I * *l* C 1 I*. 

?K > e >^«344: Sffi3E^l*28rora<0 X ^— > ^38A* 
v>^38l*. rtS?«|ia24&0:26fl)ra<D35tt:ai»$«T* 

■e-Sffiia-efcs. jfct^x^— i/>^38i*. sas^-v>/< 
iortice-ss»§©«st?fcy. ^-v>/<rtSP(o»$L 
t^itafiJa24*ffix.fc t c ?><os*E^W*l^«l-e«*'& 

t\ X^<— ^ >>?38<DJ:5fcJ»g;tttf§!IE(*. ^-VV/^ 

©fi£-r*tea)«aassA^(D«i*. kit*^:.'jt^7 

K^16A''-rS©(=«fc-3T^P **t*««D-t*l&©9J 

»*»if * * 5 <n»s-ettif x ^ >y ^p-tix 

lcffll%&*ii,->-v K^y>^l*» SJE-TS^lS^XlcB 

r, x.y^>^s#ifc»»*sa-r«is^A*i5y:-f-t 

[0031] c©«fc3i:» 0i<o^a>m«*««a)4'-c 
i*. ^y>/<ioi*. si fl>rtfi8fiia24tm2fl>rtffl«ija 
26i=»si*ti*. ^>e>^ffi34ti5«pi:si=&*s 
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[0 0 3 2] HSO^P— ^-V— h300&l^^n^/^302 

te#xa<. ^7— 3.r;uco^3.— a> hp— ^£*rr 

SSK:?vXv^x^A60lz*Jffl2;h£f£*5o 
^a— 3 > h P-^S^t-SifflB^X^S/X^fA 
60G>i§^ JfSlRrflfcfc^X^*. &l**tfc*y-x> 

302i*&®-efci,\> ^X^ffl&tfxii. viiigfa># 

X. MxtfHe. Ne, Xe*>Ar\ &&IW*^;2H£#X. 09*. 
I*N2«\ ^vX-7eSl<7>fri6IC®-rSffi(D^X-efcoT 
tcfct^o ^&#X*fcf*:^X^§8&;tfX 
I*. CCT'ltt^Lfetll^U^^-e^^^Pax^yu^lz 

ttflJ-CI*. #X1*^.<i'86(iAr£*rU fit, 
&^ffl)>*-XA80^ Ar<D3E*L£. S#J&600g* 
(sccra) >76£3ILTV 

[0 0 3 3] 7Zf*J*r— »**£7-<r720>rtffi-CI2* # 
<J»S < £ 4>100W. L < ISftUOO 1 ? ^ I 32007 V h 

orat? h p >iB3i:{*62ir o r m±T & v ^ p 

^f— u-<;n*. ttiiioo^^ h-efe^o :?^X^££*-r 

— ^^ef-f 72rtfc^-r^o ^^x-7i*. kx^;u 
*7tt«&^-r>88. »j©#9o. ^Lr^x«*&^-r>52rt 

*SfcfcT\ ^-V>/<10fCiiA-r^o ^7X7A<7^f^P 

>/\*ioi*#i2.o(& h— ;uir$|^**t-5 0 -7-3.t;kd^ 

a—*— f::<fc£*;K*(Bi/X^A-eii. Ar^CD^tttf 
XSE^TSIBl^Xv^/SjfcU ^^>/^10lzS^3S: 
^x^;U^Ar^P-$ti^fctoa)ftSW*^(*. »10 

[00 3 4] &\Z^ yaK/<?303\Z7rs^H^^O\Z % S 
J6a*JB/S-f £fctf>f:: % Y>/\*fl-e;tfX£aig^^- 
&o ^Xif^^-f 84f* % CI 2. HCU CIF3. NF3. SF6. F2 

^HF^a>/\p/f>3EJt^x*WLri^rt,«fct^o saa> 
^^-^-s^-r^sspBSseocDig^ igi^ifc^x 
*3fvX7^ikofcAfztfflt^ci:A<-e^§y=^ x 

^^^302i:303*-«lzSlfTLrt<fc^o T^U*-* 
72rtl^7X7^«j#lOO % ^X^«J&^-<>78(7) + 
$lot7-f^D»7^Uy-^tef-< 72fC35Af 



liCt^S^?, /\VU^<S:=l>hP-7©«82lZ e k 

15^^720)1^0^1*, hP>ffl:&{*62lCc):oT«£ 
^7^f^ PiRi^&o:M*tifc^7X7 
\z* *j-zL^?tfx3immto2frZ. 

^p»x*;Mr— u^u*. »i4oor7^hT?fc 

-So NF3*<* y-->^#X<h LTfflL^H«H*e!I-C 
I*. 7?U^-***e^72fl^S?&?-£C£|::^ 
y. JS^ttOF. 3g^<BN2. NF < tF2©fi[»fi*^-r 

*o HFZ&mi^ZZti*. »JSix*;u**<«i\c£^ 

^^^NFs^^&cD^a^sjctto^-fb^a^ 

[0 0 3 5] ^felC ^P^^304|Z^$4x^J:5(C % 

1&*<g«*4t£o '7-<^PiS9lRr4rVe^-<72/»<5 1 -V> 
/^l0lc»LTSPifr&g-rSfca6. SH?7X7i/Xf 

A6o»cj:or^-r^sistta>ai^ ^v>/^«jsv-r 
>88rc^or&^aESi*35ttr^v>/^ofwS"r^o * 

£i§^;b<fe&o ^-v>/<l0^lz^**t51Sg!tei* 
fcJR^tt<D«l>^X^^A'>/^10lcS«-r^o NF3j&<-7 

^y^r-^72^-e®ie^^^att:0iir*i*. &j£te<7>F*< 

10IZF2£NF2£g«LT*<*:l\» C(D<fc^|C % 

ocoitiT?s^a^w®^-r^cticj:y. 
«ja24a^26rzjRjsa * s«*r -sfeAcDSPi ^ x^ i> 

tWtt*XS»«t*.Ci:tt, T^>/\*10^ISJA>5» 
^C0® i: ^Stt«X (DP^ r*^ C ^ fit* £i#*0 

[0 0 3 6] ^SttJfXlZAr. ^ U ~^>^^XIZNF3 

$?|200sccnu Ar*<$?J400sccni ArlZf^gS J 4x^ 0 ^Stt^f 
X^^JSttCD^X(7>ra(7)U:$$?l2:llz$|i#-r^Ci:fCj: 

y. &fo&iix<of8mz£y±&?z&&mi>mm'ei-t 

l\ S^tt(D^Xi:^tt^Xa>lt^±fB<Dit2:ia>»2 

5%toiz&&2frtzt2iz % mm&fkSktf&L&niti 

[00 3 7] ? P 3051::^ QIC* «ft 

<D&&bLXlt. a^^Sltttl*. ^^>/<rt(r)j51tli 

l^l. ^u-->y^m24rt-c«to(rBg$&r^a 
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&a£*m*i>c:£A^#&<t#iLf>*i.£. **(pi<&# 

SroattfiSTflt. -V £&2. 0 h— Lfci§ 

Stt3£#<*28±XI*^v>/<<Dc|3iOSS-ei*. 

[oo38]a)?ic ^n^^soetoifi-^itvij:? 

ffls^v>/«©wafi#T?«*j«*;hsi§s&£iiay 
Mt<. ^•vw<w®-hic©«**i«,ii»!fei$ffiyK!<c 

tft-t&Ztlz&Vi&Lmi ttfttf. Hi©** 

i>^**>/<iocort&rti::^i£*:Hfc5&<b$>*;u£ 
-V>/\*lO£#Brr*i.lS. ^V>/<10|zg#t*^**gp» 
iBsi^SJE-r*. Sffi3£l#tt:28i:^>e>^ffi34(Ora 

sp^«240*sib#sfl)+i=as-ri.. sjcaro+ici*. 
mzmi$.ziitzx.m<tz ^^^mm^tmmz^m-t^ 
f*?ss^ja24rt<o®±ic»fie*^fct(DT?fe*„ e«xi*H 

>y«34fc»*3H*{*280>J:ffl©±1=»J*S*.fcJi«* 
I*, E*Sa£<b^KJSU fS#m©«ja*B*»JSt-r*f£ 

[0 0 3 9] flMNt4vh<&£«9JtMbli. H1<©$£* 

0A£0j;*-r-5ia4£#!rfsc<!:K<fcy, *<3»*-4 

04lzli. ?K>e>y«34i:Sffi3t}#t*2 
8A<X^— • >V^38l=«fc -3 TUT 6*1*** >/*<D-SS 

7K>e>^ffi34i:Sfi^l*28A^ figlcfeS 
lM=MMt Lfc £ IM*H1 &tf4l::jj^i§®tam0!> 

;*•<-—> >^38*tS/M=tt*„ iSiflZTK 
>tf>^«34lr»»-r-5ttSlcfc^S«3E»«:28lz»U 
Tli. Hiai;@4ir^-r < fc5l=. X^— ->>-^38li. o. 
088~0. 112-f >T<Drt— ¥— lz&&. ^-v>/\'ISia24lc 
S8AS*vSfii&ai*. *>e>y«34tS«3£l#(*28a) 
±® ± izmUL * frfeJMMtes £ Kffttt L "C -5 

X"<— »?38<Dfctf>, ^24rtl-»ALfcS 

v>/^g?^JS24li. V >)-->? d*i«ai 



fcs. Si ©*y — *a#a9u 

[0 0 4 0] B30!)7a— ^-V— h300l~M*lli. ^D-y 

& «y HuMi«. E«tt«>8Sia*<s«fl:* ;u 

&<b£«Stt?K>:7l5£* Lt y -v >/^io«)rtSPfiiaA^ 
co^a-bXHt. fli31fi«24rtl=©fiE**v 

$ a>Tfc£. 

[O O 4 1 ] *56li<?0mS<DlH*0!IT-tt. S«)«)-3i«) 

xf ^304-3071*. fi^mommm^it mee iz$$ l 

T, #«fcTStt:tfX-*y-^>-?#Xjg£«3££tt 

J324CD§MT?$)-3-CtiJ:<s Z0)MEEhi£$}2 I ;UT 

fcoTt«fcl\, 3 ^#1=1*. ^P-V^304. 305. 306» 
tf307£SltTHiSLiftlJ8L7=©tt. *S6l|>i<D*}££ift 

■5. *f6W«fr5»^ ^□•V^7304. 305. 

306&u:307-eSi^**i*#xx-v^*. ^*iti*M^f* 

[0 0 4 2] *0)Xf7?li. ^P-y^308lC^**l^ 

atyf»*^s*-e> x-r-v^304» 3os» 306aut307^Mi 
yis-rct-cfc*. :©xf»^tt. rtSf+>/W 

lceH-Ti)S«K*#at-r§. il(D-liDXff7'30 

4. 305, 306»tf307-el*. lta^ttil^rtSP^-V >/^fi 
lgE24A^e>«ty^A^*tfc. S2fl)- JKOX^^/^304, 30 

5. 306^307T?i*. s(Ba*<ffltt**t«ia%A<»j<Djaia 
flWLfcy. ft*t^i*-aa)«ka«*j:yBiy»3^*i*. 

[0 0 4 3] 05lC«9**4x*^A'>/<IOCOftSW&m 

(tei-ci*, «nortgp^iart-erosiiaje<b^a*§gi= 
■r^fcto. *tt3E»(*28^<D*iBfi=»**i.fc. am-r 

*vtf. «kaf|ia24&o:26(Drat?(7>xSff3l»$li*-r-5f= 

SffiS»«*28A<sao)«BTi=»**i.s. ca>«fc5i=, 

«HSE24lzJiA-r-5St6ai*. J: y §ai=fi«26lcT^-b 
«24i:26<D-t^-r. 3Elttt28<DjiaiZO^r«l*L 

[0044] H5i=M*vtf. c<BB5i*. ai©sas->x 

■rA5**L. C ±E(DXf"-/ :/301~307AtfT 
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— V > ^#&400 ZJisV Hs-cfix^-i » 
^f*^550S;U-e&*o a5<Dfli3I*>X^rA5li. *CD*fe 

[0 0 4 5] *TH6*#raL. C*tl*05Offi*0A-e 
»*SftfcX*— i/>^38£l^«l^ ji&lXf 

&tf6l*. 7K>e>^«34<D¥®<&TCDT&ttmi3fe£ 

sss:^(*28*eii^-r^o x^—>:/^38i*. igi&tM 

(Dig£<DJ:5l3. Sfi3E}#(*28<!:7K>e>^ffi3436^^ 
HCTK^tS-hlwfc^lg^^S-rXK— >>^38iritSL 

>^38lz«fey. mmT*£.f£l,tz&fcmi)<TWT-* 
§P^iS26(z^2l^n^<t5lC^y. ^-C(C^$Hfclt 

28*<TKttM^fcHl*. ^-V>/^10(D^a)Sffif*. MSP 
>/^ia24&l/26(Di35^CD^;U7p *J a.— A^fc y . 

^^SJ^a*©IfSL^t^5X^--v>^383b<+»lC*: 

XXx^:73O1~3O70>*S£;<!: Lt, (*28£ 
tf>yffi340)^(D_t®^f>(D«l©1fe25<D»*^ 06 

iz^^^^o Hi", setfW^-r&J^iz. Sffi£&{*2 

8<h tf >^fi34(Z>x i;a^JS®±0)Ji®!tfel25li. 

y|*< X 5^:73081*. 

^^^304-3071^^^^ U-^>y^5F+»T*fc-pfciI 

AiAaatt*t&* iiJno>ita**ayi»<fca<>f3X^!y 

^ 3 04 ~ 307 £ « y iS -T C <t M £ *t £ Z. t £ tt: L T I * 
[0 0 4 6] 03O>^P— — h300lCKU« f Lt^ 

□ ^■*308i=ttxtf. &o>XTv?\t. ±ra>*a»*< 
Ky^*t^^±ra>l>3fiP<D««3b^»lz3S:**-e. -te 

(Ort^O)^**!-** LT^Py?304. 305. 306&i;307£ 

|3fclt&^Ste#X it £. Xf ^^304-307 

(D^yiSLOft^COraiz^jlT fc*lM*. &*> 
S3*:hfcJtlc«J#LTt,J:l*ZfcA<. S^Sticfc^o 
Willi ftR&'tfcJ:^ *SH**fXfc*'J— 
#XI*. £2 :1<0 It $$tftLT*<fcl\> H5Xtf6lZ 

Av&mzti&xotz^ rtaifii«24&t;26£w-r^. * 
y*£i>g«**rL-ci>£p 

[0 0 4 7] &IC ^P-/^305lZj:ttl*. ^*>/<10 



ic E*a>««fc. *i:4»tt^ra<»iiioic<fcy. s« 
itfMi«W26» e>ita«8*a y*<©*j»it*t** 
6*i«. ttot, ?*>/<ioi*i0>E:bf*{iM£tu c*t 
ic*y. sfBas^sp^iS34&tf26rticiEif^ 0 ftsw 

#E:fcl*. &900mT. XI*. mi(DX7 L ^^305-efflL>t» 
[0 0 4 8] &l*. ^P^^306lZ«feoT. Jtatt&JE 

*aa*»y»<« -w-e. H6(D*iz^*tt^ck5 
iz. Rj££gc-r«aia<D*ffl#i*. Tfiti(oiftasiisS26 
rt^i:5*ffeo)saifi)fc # itT?i**<. s«3£i*(*28^ 
^>e>^ffi34<D±icaor^/cta>r-&i>o E£a*< 
*o>«i*a>*ica-3ri^*itaafcR*'r *y— 

[0 0 4 9] **E<&ft£<7)JlttW-ei*. $2(D-10) 
X^r-y ^304-3071*. tel*E:*JT::fc££:2§§CDflVS^ia 

^ct*a-To fcixtf* tohhtx-^u— 

fi<fc y **i****4rr a ^ * >/<^gs^iai?m i a>- 

M<7> X T" ? ^304- 307-C?ffi & e * a>¥#0) a* v 

[00 5 0] *Mt % 7a<y^307l=ttlV JUMMty* 
>/»6*«*fr*it. Willi ^-v>/^10t?. S^tt 

%2tiztz*oo mmomtt. ®i»#9o*KeL-ciBi+ 
H^-rftctrcfcy. s^a<h^si4^xA^^>/<io 
i^ja-r-sc^SRSih-r-So fieiiT»it*x*«ft 

y. «r<z>^y— ->y«ft(Dfc&«>*»s*x*»a7? 

^-ScfcolC-T^o *H ^P^^308lZ(j£tV X^'y^3 
04. 305. 306&lX307*«yigLfTl\ flfe<DrtgP®ia(D 

*i=»***tfc«aa**yB<. m«Mi^#«*^^ 

^<^*^l*. X^*y ^304-307*® USLfTlV **W 

<©*fticj:y^ y— ~>y**t^^-v>/<o)^a>eifi£ 
iz«i^rtfflo^-v>/<fii«icjEjKa*ffi«-r*. sffi 

3tJ#»28i:7K>tf>y«343b<±ffl|&U:T(ia>rtffll@Ja24 
&tf26£o< ^»«i:5lC. ttCDffla^^ -l-a)^ 1 ^ 
>/to«3Efl)naHI*«i:J:oto< gtifeMXtt 
SH»**-r*fc # 5 3o ^V>/^lS24^:26^Sfi3E^(* 
28t ?K> e>^«34(D[ffl-eSfc <W:i: iroivtiftE * 
z*t^0>SllRB*fcl*RaSl*. ffiSgSttSSISJL 

tOtfeSo ^-v>/<l00)i8^(OJ:5lC7K>e>^fi* 
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#X8Mtt*iHIBU fc&lM**V>/*flSff<DI*(Dffl3ISi 
>*#Xfr t>Sl*£i*(f S^x/\/\> K U 

* -< 3f <D t- A0)«l3a«*S S - £ £ & e 
f*. Hft«l^9t|«*u £fcc;h,£l**&E<0SBfflrtl:: 

[0051] #l*. ^P^^309IZ«lV ffi3It§ft£W 
tlzJ:y."*ft**tfc*»*ttLfclf*. 

/WeK©Hi*»*-r«cti=j:y. ai#xtfsei 

S6I=* ^*>/<rtlc&oTl*48m*. JtaLfci/- 

awc*yi»«t*j:5ic-r* 0 *>*/ut©^*>/^ 
(Dftsw>sa*»iT?tt. »475 c ca>aat?^^>/^a 

4bTAT-DMAE2fct£BHb#x £ 35A-T 4 d t (c<fc oT£K<b 

lrJtaLT*J:t>o Ta2050)tci6<OftSW*i/— X— > 
^Hf*. «2500^>yx hP-A-efcS. i/-X->^ 

[0052] MnouiMfv^ 



a>«&3»ftl** tt450"C-e4r>*;UTOH(*4:»fta*» 

f:^ot, Sffil*Sta^SSSffi3EI#*28±JclBS**t 
So t— *3>hP— ^44f*. »450°C(7>S^3S:«lSa 

«i=»*t«»r*fc«>. m*!i«fc-*29£Kg-f 

£o 'J ? h«<?t42**. v^9-^7 K32(C#L 

ts 09*1*400 5 ^K&X^— v>^t% ^*>/<10fl(C 
^«3t}*«28&tf-e<D±C0^X/N$iBa-r4o B10># 
X*^9-f46*tf48l** tta^>ffi»<bS*^<D»fc#X 
TAT-DMAEAbTAET0^<7>^>^;HTr®(**^-r^o /< 
;U^&^3>hP-^tS«50lot. $r>*;|,£H*bLTl* 

«#x0>9KS£a«LHSLT« c*t&*^*://*ioic 

■ It*. S}#(*28JilzlBM**t4gffi(DSStt. AoT 
* 4 #X3S{*** £ 3£&<b * > * )l> &1&f$,-f £ (7) d tf 

[oo5 3] *^^(Dft#^i*. titz. &&<D&mmm 

(«X«^^>/<100>ai(Dttai«l*24fttf*2a)ft31 

««26) ://<4>i oc&i&s^jart-cfrfrft 

i\ zo>ftva». ^y-=>y*fx/^flHt*xjfct 

J: y J: < DBt^ C 
[0 O 5 4] 071*. W-att9ttj**4rr«ftatttt 

^v»<ioo*«3^-r* 0 ^*>/<iooi*. T;uT--f^(u 

ItimamiBg^XV (HDP) ft¥fttt*B(CVD)?*:/ 
£fcl*. TVl^-f^ HDP CVD ^-V>/< (SfcSifc'J 

r=*y»as) rfcoTtj:^ ^*>/<ioot*. zf^x 
a*tas36<«iffli**ufc«[i3ifiiaio7* 

^■T^o S«3£l#<*125l*. X#±®126£*rU ffi^ 
^107W(Cffig^*L^ D A130^-V>/^* 
{*105fce-&L. »fc£*H*125£3^#-r£«> fflSfilJSlO 
7rtom*li. -$r-7p7K>^l40i:Je?l^7K>^l50lc«fc 
otSStiti^. xn? h/<yu^«l 

3:«:i35fi. «i3l®Jai07*^-/1C7K>^l40i:ft?l^^ 

>^i5o^t,^KLr. A9««io7Ma>EA««iflir 
4o ^^X^^geoi:. H7lc^*titcl^«cD»#a)S 

4o H7(DaPS^X-7SM60r*^-3.7;K©^i— -t 

[005 5] ^xi^^>f48&o:46l*. iS8SSH<&¥* 

Xt7fe^T*J:l^o -^b^r-f*. SMb^-f*. K 
-^^r<»M7X (fsg) ^<Dteco«iia*® ("J 
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>K-^^r-fiM7X (PSG) *fclt-t<Dfl60)^'J 

6. 48. t lt. /<*^aita> ho- 7501*. mmm 

4, «fco. tfx-fr^-i^&uuej^e.wtfxi*. 

^-<An52, *OT?^^>/^*XAP120CD + 1=3S£A-r 
•5. f83J=i -OH 121*. ^•v>/<l00rtlcft*?*i*«IS^ 
□ •bX(Df=«)lc. Sffi3E#«:-hi5126O±*fl)^iai07S» 
»|zr Fi*;Mr-£1Stt-f -So =i-OU12f::<fc-7T:SI 

JBl^Jti. *%W0)&m<7 ';-->y^a-trxa>rai*ffl 
iBig»y7**-ei*. itet&ii*. 3-f;ui2iz«fe-3T*i 

5. ffiaHJgEio7rtT»coJi©iz^s=n';ni2<©Kg 
I*. S«3t#t*±Bl26|::£i:£J£©1&lzg*;g<|(i* 
L. tLt. £«£#(*125£3«#{*7-Al30a>ffiif::}& 
o-CffcCa. eSl**SI=^*tv*<. **2//tU?Kl1 

4. 

[oo5 6] *«w<oftS*i*. ^•w/^m-ojjaia 
tlcfcy. *<3a»**i-5f£%3. H8I*. 
[0057] Sfc-f. 08<O7a— h800fl)^a ry^ 

i^7X781«)4>l^7X7$Mt*. 

^x^g3*&#xa><£ffl£iii:-c. <fcyggi=j£***t 

* 72W $35*v-SArl?©^5Stt^ *35-T ChfcJ; U HfT 

MX.**.* *LT. * y G>3fca£iiJinSl* 

Ar£NF3£fflOi>ftgfl<l 
fca<*09TH*. ArStt1000sccm-Cg5L. ft3200WT?-7-f 
? Pafcl*/M?£±fi£-*-.5Ty* h P >62l-<fc y r^X 

o. * y— =L>y#xa>3sa*iiiB£i*£. -t-coem. 

>y#XT?. 7 , ^'jy-^72rtl=Sl#**lfc^X7* 
Stft-T*^ 'J— -IsVUXOH. &SIM*NF3<D*.J&<® 
M**i-54$5£0>«TM*. SSfc^XvtfNFSOgfcHT? 

B**tf=->^7 i A-ei*«SMI=l*. Arfi^X^CD^* 
Ofc»l=^1000sccni-Ci»A**v5. NF3At»A**l. * 



t^T?. ArS5*I/)<. SM**tfcAr/NF3itl=J:oTiaS**l 

72(D+i=asA**tSfiis*v«.^ y-->^«xco^-t?x 

7X7i/XfAt^7X7$Mt5Ci*«a?Ltl» 

•s^ssp**.*?. *f=. aa-ciss-rsisiB^x^ 

i/^fi»*Sl>t. T^'J-T— ^72Wlr^vXT$jSA 

-r-sfitoicFJStt^xxiiteo^^x^iiss^x^atD 
irfflt^-riz. iai$$ y-=>?#x£®efci*L«?8i-r 

[0 0 5 8] Jfel*. ^P^/^802IZ*$4x4J:5l=. * 
'J -->f #X 5 *>»S-r ^ Cirrfc 

^XI*SJ6^fiE#X<03a*tl=^,T&tt#X * *D *. 5 C 

<t £l>7„ X ^ ^802T?Ji^-r S «fc 7 ? 'J— — > 

y#xi*. ^stt^xi:m©T?xi**a-cgtt**i-s- 
^y-->-y*x(D«s?A<sM**t*Ji 

^. *<DX^y:7l*:7P^8ll|::j*£*t£. ?y— - 
>tf#x#sw<SM*:h.fciMt£i*. jterox^-y^J*^ 

O->^803»Z^**t*. 

[0 0 5 9] ^y-->f^X<0#&«?A<HM**t'5:tMg 
* y-->-y#X3ft:B£BiS-r-&^P-y?803ST? 
iit;. cox^^^-et*. ^^x^^i^rora. 'J — — 
>?#X3&a£. *Jffl<*ftS^a*&gM**ifc*y- 

g&ai*. ««xi*. >sg**vs*y-->*#x<osffl. 

vy*.KP>62fl)B*§a^ i ? 1 -V>/^'&^ u-->^" 
*=K-5&Jf©«J<8*-f Victor. SiiSCt^* 

■?y*hp>62©/< , 7— ai^icty. *y-->? 

#X3Sa£. ^±XI*IS«^±l=<S«-r?#*J:7l~$ll® 
T?#i>C -C^-S^UfcSo WAI*. ilPi^ 
X-7g^6O0>S<835OOW©-7?"*. hP>627?l*. 1700scc 
m<D NF3**X35*KD$^99%$jSS|-e#€.i:#S.'&+i-5. "7 
h o 23500W— ^ir-fSJS^. ^X35tiAM70 
Osccro*®jl*ll*. «JSOA— fe>7^— v*<«S-r*C 

hp>®*tb*u^yu*«<-r*i.tf. «8tfl)/<— tr>-r 

— i/A<<S<*S. C9^ll*. 3OOsccni0>NF335fi*5OOW<O-? 
y*hP>m*r(*. «Hl*«?l95XL^-e$'a^A<. 150 
0sccni<DNF3iSai:3200Wfl)-7^'^. KP>©*JTH*. 99%JJl 

i«)St^ii**fiE-r*. ^y-->^#x35a*sii 
**ifciiSl=iflSLr=Slw. ^Pv^804*i?Jtt?. 
too 6 0] ^ 'J— ->^*"X**&l?-r5Ci:i<M*L 

t^i$i=i*. ^ >j t*m&iixo>m-e:totf 

72<0*IO'J-=>y^Xf£ltSg5U. *;§tt#X£7 
^y^- ^72(DTS5lcSA-r*wi:lc«J:y. ^ 'J — ~ > 

y^x3sta(:iafi*ffi«-r*^p-y^8iii^*H*<fc 

5l=Jit?. ^Pry^SOSlziaL-C^TiJ:?!;. ^ 'J — 
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StttfxaaMt*** 'J-->y^(DS5*v(Dirric^s* 
*i£<i:5l^ fc&lM*. C;h£:tfXjft;K*[$<fc^«^B# 

t^T?*^C^:/»<S»**V«>o hP>62*<3200W 

o>«^w>sm(*Wci*. $y— ->y#xi** NF3-efc 

yf Lt, *^tt:tfXI*ArT?fcy. **^IZtt5^U- 
->^^X*«?(D/ci6cOft^M35:5SSf*. NF3/Ar3SfiJt 
36<1:lXI*»*L<tt2:1*T?&^o **W<7mSCDJi{*0!) 
"CI*. Ar;tfXSSiil*750scciTU NF335fili1500sccm-e& 

y. Tzrvr-ziiizfai-t ^pai^rfii 
4500W-C&S0 

[0061] ^a^^803fctt^r<7 y — ^>^#X3S 
?9804i=ac3ti£J:3i=* ^oxfy^il S&as^v 
T3 f.j *-$72(&**iiiBL^* h p >62(Ccfc y JM= 

LfcT-f*p«x^^rzB«**Uitf % ^y-->y 
£■9. T^y^-*72fcffitt**t£^y-->^#x 

C &£tt<DF. ^T<DN2<t. NF&tfF2<7>la£fc 

fi££j&r«. 07<D5 i A'>/^ioocoe!i^Mfta<*w*^ 
tf#s*r*ttf. r^y^~^72$aifcjg:isatt. ews^ 

-f >88(D**ay. #3JS90£iIj&U fit, 

Att$&^>52<B+i::ASo SJCaii. 

-f >52* >/<#X AP 120*^ LTS&31WS107 

[0 0 6 2] H8l-StXSy. *Wfy^ 7a y 
1*. >X7y > $^t>§ c t tfc^o SB 

^®ai07rtfcSM**tfcEE*l*. XOy h*/**?/? 
- h/<*7a£fti3M>tkBtMtr« cfclc* oti 
&*u «a3ifitsio7i:7K>^i4o&r;i5o<D^a)a>^^ 

L<l*»i.8T~3T0>ffiB(DE;&^ 6*1 

£0 

[0 0 6 3] 3fcl*. ?a?9806l::ac£2h.«£3J:: % fi 

*a£^v>/<*a«8tjRjc*-ti-cn*«ty»< -t-e 



ootfo«awft^XTBfiJiBy7^*-e(*. a-f* 

112lc«fcoT*W*»*ft««gto*(::. 

3B*{*±H126J:I::****U »«£!»{*125&tf%}» 
T— Al30CO<ifc^o-C±i:^<b#XbH^« 
«V>/<y Kl1O&?*>/<*{*1O5<0njB<D-bl^ jfta 
M«*i07lcJtA*-*«S«l** Ji 

7A^e>»a*#t*o 

[0 0 6 4] #1*. ^P^^807fZ^*tt^cfc3f^. # 

[00 6 5] »j<7>^tt*'xxi*^ y— ^^tfxozs 

$8027*1*. $&3*£fill>&<r— XOm&O&Ol^ 9V 

y— ->^xsffii^c^— xoa^cij: 
5f=:»fT-r««5 3. *y— =:>y#x»«wsm©»d 

$ y— ->y*x#»a>a-&(z^p ^^8iiaif8i2fc(it 

oTtt£*t«Hftl=S-3«. COBS* ftfc&ST?«i3 

? p v 1 soeictt o r Bu&mtfmm® t ejb l c*t 

y|»<Ci:a6«-C#*. fit, AStBKS 

It. ^P^^807(D^S^froT. ^P^^802(CMy. 
fit, Wft*#X3fcMi^*>/<EE*lc»LT±I30 

[OO 6 6] ^P*V ^802- ^P»v ^7807 0)®iSL(Da3&< 

^p^^808-efe-5^a>^p^^^-eiit;o 

[OO 6 7] ^(DX'r^^l*. ^P^^808lZ^**L-6 

sn:tT?ft5o c<oxf7^it ^-v>/<ioo^iz 
**L^a)nr^icr^ 0 ^p»>^807"e#xssa 

*^iEL*Ui:*SL. ^l^T. ^P-z^SOSTJ^-VV 

-ea9fiB«io7i^x&tt«sfEa/79tt#xad«B& 

8057?ff*ISS^?5:**i>St^ <ft*-e^P y^807T»l* 

^ P 1 807 T? S516«iE * S« L * ^ P V * 808 
-t?^^>^ff*«IE*a^Lrr^r-X(7)cfcaiC. ~^(7> 
#X35*£*S!#L-30. »^ttff**^«v>^lOO(zffl 
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s<fty. ff*A*««t*ti*-fifti=. gaffs 

[0 0 6 8] ^P»V^807-~808ICfBCTS#l**lfc. M 

e,?i®^'j-->y**x. stsa. fit. ±.&ro*y 
zfa -b^-e^filt-r *te©»*tt<D<b^ffii y IS! 
U*fci§^rl^ £<<0«ta:?P-teX<Bfli:fI*gtel*&&* 

lei*. »iooo*>y* Hp— A<DM<bW*©Jf*<*l3 

WKJStf^;*. (FSG) £fcl4ftB<DffifSHi*^ CrtEt) 

M?X (PSG) *fcl*tt«)^yj»^;KDMia»:K<DJi 

a«iiaio7rt(rJi®-r-5. 

[0 0 6 9] yn— — h800<O^P 8101*. 

£*f. «QS<OS*|C<ty. BrM<D ?P<y*80 
0(0^ y-->-^^a-feX$«gySL-Ct J:t^. ftsn 
fc#@tt§ijt:?p**<B7itorottgB<i>S:-* y — - 1,9V 

Lfc&. ^A'>/<*^y-->y-r-5c:ts^-r5. 
[oo7o] mizMT&±ammt. *mm<»&v5z 

t-v7*7k+. sstii. x^?a>#<A<i!aB*i=xii 

— w— hsooo^ca-troflsoj/j^srj&ffii*. **ipj<b 

— — >y*X<&S? (^Pv*802. 811. 812»O:807) * 
C?P-y$805;&tf808) . 



[007 1] -?n— =J-*r— K800lz^$*i.S^W0>* 

ssi*. jaTa>«aw5:e«*#iS-rsci:ic«fc-3r. <ty 

•fcOSfl?;**.-^ *JMI]0JlttM04>r::. 
-^?1SX\t. *fEWI=«£t\ itUBlT?. fLTf(OS^ 

^K-^WSfi^X (FS6) iaa^-v 

^aa>^x/N*isyttLfcaic. 32oowa>^^XT*ii 
1^7X78f©i|i|;Mt*^i:4«TJt5. ?=i7 

;Liig(D^*p»sm«>M£ffl**T.£i§^i*. t;up* 

iSH^Xvggioy-->y 
#x*<a«**u stsas*±-r-5. coa-ci*. nf3 
A<ratN&*t. fit. ^y-=>y*x*»i (^p-yf 

802) I*. ZfO-bX0>^(f>^»Xttm^^*ltil\ 3fe 

ic ^p^^803iz«Etv ^ y— ->y^x35aA { . s 

M**VfcS5»l=iSS**i-5«, Crofill-Pl*, NF3l*»1500s 
ccn.-C'S«**lS. NF3*t«?&U *a?*:s/<i=£&a 

£g(ft-rs (^p^^804) ro-c. ^^>/<£E*i*. &3 

h-;K0^EI=«t^**l-6 C?P-y$805) „ 
tz* y-->-y^XI=«fcoTS«**iSR*Ba»4. 
>/\*(*)l=^*+i-5Jfta«l«tSJ£L, «Sett<0<b£85£ 
ML. ditl*^-v>/^&»m**i5 (^P-y^80 
6) . d<0WT?li. KJSatt, 5fStto>tt«-e«vi« $5 

1.2t>^ hP-A/»~0.9t>^X KP-A/» 

FSGJttaia*isy»<. 3wm<oita««*<sa**t 
r=a. y--i/^$*ts^p-trx-ei*, c 

[0 0 7 2] C05«TroftroXf7^li. ^P-V^807 

tjEc-cw^xssn^^iL. ■?p-v^802izj£i:r^ 
y— ->y^x#f?$fflt>5ctT?i5§. ^pyj/811 

i812(c(6i:r. ^ y-->^#Xi:^ / ! £tt^X0)3SE*t 

tts 5S±xii«SfS£*#iij&<7 ^ y ^ 72M -c± c 

'J— ->^#XI*NF3. ^Stt^l*T^3*>1?, w*V 
t><0ttl*l:1^J?X.'b*l» C CTM4. Ar^750sccm|:iSS 
LOO. NF3$750sccm(CiSS-e#*. fc*t^l*» — 
- >f »x i: *5£te#X<01t * 2 : 1 icf S d t (= J: ^> T 
*fJftem*^*Ci:t,T?$*. S0f. SSSSWirLTNF 
3i:A^$ffll^. Ar$500sccm gftLOO, NF3Sl000sccm 
£«-rS«fc5l=!§Bf J£A<l:K»Hffifat2:1«)^ 
JEC!)<D55*l=fc^r, fj— ^>*#XA<NF3Xf*^« 

y-y— ^72<D4>fl>±3$*(*. 1500sccrai;&y. -toig 
^» hP>62^t><OHl*Jtl<3500HT»ffiffl$*l41S 

^i*. ^y-->-y#xi*. s±xi*i5«s*i= (fiP*. 
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[0 0 7 3] ^U-->^^X (C<DC3-ei*NF3) 

•>^804) li. ^-v>/<m*f*. &3I — ;kb— 
i^tft**ts cjp^sos) o <gs**tfc^g--> 

l*^V>/^t>Sfa*^S C?P*;/*806) o 

[oo7 4]»:, ^p^^806fcttorfT^4xfeiftS 
i^Bi^TLfc^ $y-->^#x<t^?5te2rx 

(D35tt$^P^^807i:802IZ<fcor^iEL. 2 "J— — > 
dtt 3f p *y *? 807 £ 808 left o fc # X SSKl £ ? * > 
€>£y. ^*>/*<&->— X=>^j&Mt*3*i«o $Jxl*. 

FSG*ita-r^fctoic^iNP>tt«»«asss-e. 8nooo*- 

>^X hn-A<BSiO20Jf £«tgLT*,cfcl>p C0>!}$5£ 

(omx\t. -?ny5Q\Qiz$t?&<D*Ty7\t. flkai^ 
[oo7 5] *«^<D^a>»j(^)*(*e!i-e(*. *y — - 

'J>ft< £*2O(0fift&a;& U * 

gt^t>t^i*. «t^ff**ffltv *«>«*a«5a>s*< 

«l<o ^-v :?y >*;u<Dgm*<&iia^0>*&JS 

^^r;u-eiSS**t^v^^p^««*ffiffi-rsig^ 

^X^jSH^^X*7ggrz^«*^^ e ZOWXl*. NF 
3£/Bl\ 'J-->y^XO*S?l*. ^P-feXOZCD 
^t?fiffi^**V*^ (?a?9802) o 
*803IZt£lV <7 «J #X3SS*<, 
SSSlwilgStt&o C<7>egt?l*. NF3fi$?J1500sccmT?jI 
(ft NF33b^31^V>/^t?«6lLrSj^a*# 
*&*S£ C7P^*804) % ^*>/<Ertl*»3h--;u<& 

6) o 

[0076] «ftno>'ca>f«sn«:aH9 u— 



3K$ffll>5Ci:t6So ^P y*811 t812rzf6CT. ? 
U-->^^X35*t*!:5F / ; gtt^X3S+i^igS$+t^ 0 C 

a>«i»i*. £ 'J-->^#x*<nf3 % 3FStt#x*<r;u 

=f>T*feU* NF3**750sccnu Anb<750sccmT?fc 5 
#X(*1:1<0JfCffi«**t* o fe*lM*« *'J-:z>^ 
#X £ =F»tt#X (Bit * 2 : 1 -Cffittf 5 C £ fC J: o T J: 

NF3£l000sccra t Ar£500sccnu fiF* L < I* NF3£ 1500s 
ccm tAr*750sccra-e^^^cfc5^X35tt*iSS-r^lS 
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1 Title cf I d ? e b t i c d 
REMOTE PLASMA CLEANING METHOD FOR PROCESSING CHAMBERS 

2 Claims 

1 . A method of cleaning from a processing chamber deposits formed on interior 
surfaces of the processing chamber wherein said processing chamber interior surfaces 

include a first region and a second region said second region being different from said 

i 

first region, said method comprising the steps of: 

(a) dissociating a gas mixture outside said processing chamber to form 
reactive species, said gas mixture comprising an inert gas and a 
cleaning gas; 

(b) providing said reactive species to said processing chamber; 

(c) reacting said reactive species with said deposits in said processing 
chamber first region; 

(d) forming volatile compounds from said deposits formed in said 
processing chamber first region; 

(e) removing from said processing chamber said volatile compounds 
formed from deposits formed in said processing chamber first region; 

(f) increasing the fluid communication between said processing chamber 
first and second regions; 

(g) reacting said reactive species with said deposits in said processing 
chamber second region; 

(h) forming volatile compounds from said deposits formed in said 
processing chamber second region; and 

(i) removing from said processing chamber said volatile compounds 
formed from deposits formed in said processing chamber second 
region, 

2. The method according to claim 1 wherein the ratio of said inert gas to said 
cleaning gas is about 2 to 1 . 

3. The method according to claim 1 wherein said step of dissociating a gas 
mixture outside said processing chamber to form reactive species is conducted in a 
microwave powered remote plasma apparatus. 

4. The method of claim 1 wherein said step of reacting said reactive species with 
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deposits formed in said processing chamber first region is performed at a first pressure 
and said step of reacting said reactive species with deposits formed in said processing 
chamber second region is performed at a second pressure wherein said second 
pressure is different from said first pressure. 

5. The method of claim 2 wherein said first gas is an inert gas and said second 
gas is a halogenated gas. 

6. The method of claim 5 wherein said halogenated gas is NF 3 . 

7. The method according to claim 3 wherein said microwave power causes more 
than 99% dissociation of said cleaning gas within said gas mixture. 

8. The method of claim 4 wherein said first pressure is greater than said second 
pressure. 

9. The method of claim 4 wherein said first pressure is about twice the second 
pressure. 

10. The method of claim 4 wherein said first pressure is about 2 Torn 

11. A method of removing deposits formed in a processing chamber as a result of 
deposition operations performed on a substrate disposed within the processing 
chamber, the method comprising the steps of: 

(a) activating a cleaning gas in a remote chamber separate from said 
processing chamber to form reactive species from said cleaning gas; 
. (b) providing an inert gas which mixes with said reactive species to form a gas 
mixture comprising reactive species; 

(c) providing said gas mixture to said processing chamber while 
maintaining said processing chamber at a first pressure; 

(d) while maintaining said processing chamber at said first pressure, 
reacting said reactive species with said deposits to form volatile 
compounds and thereafter removing from said processing chamber said 
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volatile compounds formed at said first pressure; 

(e) providing said gas mixture comprising reactive species to said 
processing chamber while maintaining said processing chamber at a 
second pressure that is different from said first pressure; 

(f) while maintaining said processing chamber at said second pressure, 
reacting said reactive species with said deposits to form volatile 
compounds and thereafter removing from said processing chamber said 
volatile compounds formed at said second pressure; and 

(g) conducting processing operations in said processing chamber to form a 
film on interior surfaces of said processing chamber without a substrate 
disposed within said chamber. 

12. A method according to claim 1 1 wherein said second pressure is lower than 
said first pressure. 

13. A method according to claim 1 1 wherein said second pressure is about half of 
said first pressure. 

14. A method according to claim 1 1 wherein the step of providing an inert gas 
which mixes with said reactive species to form a gas mixture comprising reactive 
species further comprises an inert gas flow rate that is twice the flow rate of the 
cleaning gas used to form reactive species. 

15. A method according to claim 1 1 further comprising the step of providing said 
gas mixture comprising reactive species to a first processing region of said processing 
chamber while maintaining said first pressure and providing said gas mixture 
comprising reactive species to a second processing region different from said first 
processing region while maintaining said second pressure in said processing chamber. 

16. A method of removing deposits comprising Tantalum formed on interior 
surfaces of a processing chamber as a result of substrate processing operations 
conducted to deposit a film comprising Tantalum on a substrate, said processing 
chamber comprising a first processing region and a second processing region different 
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from said first processing region, the method comprising the steps of: 

(a) initiating a plasma in a remote chamber outside of said processing 
chamber, 

(b) activating said cleaning gas with said plasma to generate reactive 
species from said cleaning gas; 

(c) providing an inert gas that mixes with said reactive species forming a 
gas mixture comprising inert gas and reactive species; 

(d) providing said gas mixture to the first processing region within said 
processing chamber* 

(e) while maintaining said processing chamber at a first pressure, reacting 
said reactive species with said film comprising Tantalum within said 
first processing region to form volatile compounds; 

(f) removing said volatile compounds formed within said first processing 
region from said processing chamber, 

(g) increasing the fluid communication between said first and said second 
processing regions; 

(h) providing said gas mixture to a second processing region within said 
processing chamber; 

CO white maintaining said processing chamber at a second pressure, 
reacting said reactive species with said film comprising Tantalum 
within said second processing region to form volatile compounds; and 

(j) removing said volatile compounds formed within said second 
processing region from said processing chamber. 

17. The method according to claim 16 comprising the further step following step 
(j) of conducting processing operations in said processing chamber without a substrate 
present in said chamber to form a film comprising Tantalum on interior surfaces of 
said processing chamber wherein said processing operations are conducted after 
removing from said processing chamber said volatile compounds formed from said 
first and second processing regions. 

18. The method according to claim 16 wherein said cleaning gas is a halogen. 
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19. The method according to claim 16 wherein said cleaning gas comprises 
fluorine. 

20. The method according to claim 16 wherein said cleaning gas is NFj. 

21. The method according to claim 16 wherein said inert gas is selected from the 
group consisting of At. Xe, Nc. He, and N 2 . 

3 Detailed Description cf ln?enticn 
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BACKGROUND OF THE INVENTION 

This application is a continuation-in-part of application serial number 
08/893,922 entitled "Improved Cleaning Process" filed July 1 1, 1997 and commonly 
assigned to Applied Materials, Inc. 

This invention relates generally to methods and apparatuses suitable for 
removing accumulated processing by-products and unwanted deposits within 
processing reactors. More particularly, this invention relates to a method for cleaning 
the internal components of a wafer processing apparatus after the deposition of 
Tantalum containing films, such as Tantalum Pentaoxidc (Ta^). Additionally, the 
method described is suitable for removing deposits formed by other processes useful 
in the manufacture of semiconductor devices and flat panel displays. 

Background of the Invention 

The desire for greater capacity integrated circuits (ICs) on smaller sized 
devices has increased interest in replacing today's 64 megabit DRAM with memory 
devices in the range of 256 megabit, 1 gigabit and higher. This need for increased 
capacity on the same or smaller substrate footprint device makes it necessary to 
replace conventional dielectric films previously used in stacked capacitor formation, 
such as silicon dioxide (SiOO, with dielectric films having higher dielectric constants. 
Capacitors containing high-dielectric constant materials, such as Ta 2 Q5. usually have 
much larger capacitance densities than standard Si02-Si3N4-SiOz stack capacitors 
making them the materials of choice in IC fabrication. High dielectric constant films 
allow smaller capacitor areas which in turn enable closer spacing of transistors and 
increased transistor density. One material of increasing interest for stack capacitor 
fabrication is Tantalum Pentaoxide which has a relative dielectric constant more than 
six times that of S1O2. Accompanying the increased and expanding use of this 
material is a need for improved in-situ methods of removing unwanted deposits which 
accumulate within the processing chamber after repeated deposition cycles. 
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An available cleaning method involves the utilization of a remote plasma 
generator to produce reactive species which are delivered to the processing chamber. 
VS. Patent No. 5.449,41 1 issued September 12, 1995, to Hitachi describes a process 
for cleaning a vacuum chamber prior to the deposition of S1O2 therein. A microwave 
plasma of process gases such as C 2 F 6> CF 4 » CHF3, CH*. F 2 , HF, Cl 2 or HC1 is 
described. The patent further describes that the cleaning process can be improved by 
applying an R.F. electric field to electrodes in the chamber. 

U.S. Patent 5,778,788 issued August 4, 1998, to Applied Komatsu 
Technology, describes a method for cleaning a deposition chamber that is used in 
fabricating electronic devices by activating a precursor gas using a high power 
microwave source of between about 3,000 to 1 2,000 Watts or a power density in the 
remote chamber of about 12,000 Watts/liter to 48,000 Watts/Liter. The patent further 
describes a minor carrier gas such as Argon, nitrogen, helium, hydrogen or oxygen 
may be used to transport the reactive species to the chamber, assist in the cleaning 
process, or help initiate and or stabilize the plasma in the deposition chamber. The 
patent also describes the use of a chamber based excitation source used to further 
excite the reactive species provided to the chamber. 

Another problem confronting the semiconductor industry is the increased cost 
to obtain process gases coupled with die increased costs of disposing of the exhaust 
by-products created by process gases. The cleaning gasNF3 is an illustrative example 
of this problem. Long recognized as a superior cleaning gas, the cost of purchasing 
NF3 has steadily increased. What is needed is an improved remote plasma chamber 
cleaning process which utilizes cleaning gases more efficiently resulting in an overall 
decrease in gas consumption. The improved process should rely solely on remote 
microwave excitation sources without requiring chamber based excitation to produce 
an effective plasma or remove chamber deposits. The decreased gas consumption 
lowers gas supply cost, CFC generation and gas disposal cost More specifically, the 
improved method should be capable of providing commercially viable cleaning rates 
for dielectric films such as Ta205.and other dielectric films. 

Summary of the Invention 

An embodiment of the present invention is a method of cleaning from a 
processing chamber deposits formed on interior surfaces of the processing chamber 
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wherein said processing chamber interior surfaces include a first region and a second 
region said second region being different from said first region, said method 
comprising the steps of: dissociating a gas mixture outside said processing chamber to 
form reactive species, said gas mixture comprising an inert gas and a cleaning gas; 
providing said reactive species to said processing chamber, reacting said reactive 
species with said deposits in said processing chamber first region; forming volatile 
compounds from said deposits formed in said processing chamber first region; 
removing from said processing chamber said volatile compounds formed from 
deposits formed in said processing chamber first region; increasing the fluid 
communication between said processing chamber first and second regions; reacting 
said reactive species with said deposits in said processing chamber second region; 
forming volatile compounds from said deposits formed in said processing chamber 
second region; and removing from said processing chamber said volatile compounds 
formed from deposits formed in said processing chamber second region. 

Another embodiment of the present invention is a method of removing 
deposits formed in a processing chamber as a result of deposition operations 
performed on a substrate disposed within the processing chamber, the method 
comprising the steps of activating a cleaning gas in a remote chamber separate from 
said processing chamber to form reactive species from said cleaning gas; providing an 
inert gas which mixes with said reactive species to form a gas mixture comprising 
reactive species; providing said gas mixture to said processing chamber while 
maintaining said processing chamber at a first pressure; while maintaining said 
processing chamber at said first pressure, reacting said reactive species with said 
deposits to form volatile compounds and thereafter removing from said processing 
chamber said volatile compounds formed at said first pressure; providing said gas 
mixture comprising reactive species to said processing chamber while maintaining 
said processing chamber at a second pressure that is different from said first pressure; 
while maintaining said processing chamber at said second pressure, reacting said 
reactive species with said deposits to form volatile compounds and thereafter 
removing from said processing chamber said volatile compounds formed at said 
second pressure; and conducting processing operations in said processing chamber to 
form a film on interior surfaces of said processing chamber without a substrate 
disposed within said chamber. 
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Detailed Description of the Invention 

The present invention is directed to a novel in-situ cleaning process for 
removal of accumulated processing by-products on interior surfaces of a processing 
chamber. The described embodiment uses a resistivcly heated CVD chamber. One 
example of this type of chamber is an xZ style single wafer processing chamber 
manufactured by Applied Materials, modified as described herein. The chamber 
described is part of a modular processing system which can be utilized for a wide 
variety of semiconductor processing technologies such as the thermal deposition of 
Tantalum Pentaoxide (Ta20 5 ). Although the description and embodiments which 
follow are described with relation to the deposition and cleaning of Ta^s comprising 
films, one skilled in the art will appreciate that the methods set forth in the present 
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invention are adaptable to commercially available processing systems and operations 
without departing from the scope of the present invention. In some instances, well 
known semiconductor processing equipment and methodology have not been 
described in order not to unnecessarily obscure the present invention. 

Figure 1 is a schematic view of a processing system 5 of the present invention 
which contains processing chamber 10 and remote plasma generator 60. Processing 
chamber 10 is comprised of a lid 20 and chamber body 22 which together form an 
evacuable, temperature controlled processing environment. Lid 20 and chamber body 
22 are typically made from rigid materials having good thermal characteristics. For 
example, chamber lid 20 and body 22 could be formed from aluminum. 

In the representative embodiment shown in Figure 1, a rcsistivcly heated 
substrate support 28 is provided within chamber 10 to support a workpiece and 
provide the heat of reaction for a thermal deposition reaction such as, for example, the 
deposition of Ta20s by decomposition of Tantalum precursors such as (Ta (OC2H 5 ) 5 ) 
or TAETO and Tantalum Tctracthoxide Dimcthylarninocthoxidc (Ta (OEt)4 
(OCH2CH 2 N(Me)2) or TAT-DMAE. Power provided to resistive heater 29 within 
substrate support 28 is adjusted by heater controller 44. Power to heater 29 is adjusted 
to provide adequate temperature for the desired processing operation to be performed 
within chamber 10. The vertical position of substrate support 28 within chamber 10 is 
controlled by lift mechanism 42. Support shaft 41 couples substrate support 28 to lift 
mechanism 42. The position of substrate support 28 within chamber 10 or spacing is 
the separation between the lower surface of showerhead 32 and the upper surface of 
substrate support 28. Spacing is measured in thousandths of an inch or mils with 
larger spacing indicating increasing separation between showerhead 32 and substrate 
support 28. Components within chamber 10 typically have a protective coating or are 
fabricated from durable materials which tolerate exposure to the relatively high 
temperatures and often caustic chemical environments used in the fabrication of 
electronic components. For example, showerhead 32 could be formed from 
aluminum. Graphite and ceramic compositions are often employed in the fabrication 
of substrate supports 28 and support shafts 41. 

Pump 15 and throttle valve 14 are used in conjunction to evacuate chamber 10 
and provide a pressure regulated environment within chamber 10. Pump 15 is in 
communication with pumping channel 40 located in the periphery of walls 22 and 
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encircling substrate support 28. Pumping plate 34 is provided with a plurality of 
apertures 36 which provide more uniform conduction and evacuation of chamber 
interior regions 24 and 26. Spacing 38 separates substrate support 28 from pumping 
plate 34. For the representative chamber 10 of Figure 1, spacing 38 is between about 
0. 1 12 inches and 0.088 inches. Thus, substrate support 28 and pumping plate 34 in 
effect divide the interior of chamber 10 into an upper interior region 24 and a lower 
interior region 26. Upper interior region 24 also includes showerhead 32 and gas 
distribution plate 30. 

Processing gases are stored outside chamber 10 in gas supplies 46 and 48. 
Valve and controller 50 represents an electronic metering and control system such as a 
mass flow controller used to introduce gases into chamber 10. From valve and 
controller 50, gases from supplies 46 and 48 flow through chamber supply piping 52, 
lid 20, gas distribution plate 30 and showerhead 32 before entering interior chamber 
regions 24 and 26. Although shown using a single valve and controller 50, gas 
supplies 46 and 48 could also be controlled by independent valve and controller unit 
50 depending upon the process desired within chamber 10. 

Also illustrated in Figure 1 is remote plasma generating system 60 which is 
used to activate gases and provide the resulting reactive species to chamber interior 
regions 24 and 26. One advantage of a remote plasma generator 60 is that the 
generated plasma or reactive species created by remote plasma generator 60 may be 
used for cleaning or process applications within internal chamber processing regions 
24 and 26 without subjecting internal chamber components such as substrate support 
28, shower head 32, or pumping plate 34 to ion bombardment which usually results 
when RF energy is applied within interior processing regions 24 and 26 to create a 
plasma. Reactive species generated by remotely activated plasma are considered less 
damaging since they do not subject internal chamber components to ion 
bombardment 

Another advantage of a remote excitation cleaning method of the present 
invention over some chamber based excitation cleaning methods is that in a remote 
excitation cleaning method the chamber conditions, such as temperature, may be 
maintained at or near the conditions associated to the process to be conducted in the 
chamber. For example in a representative embodiment of the present invention where 
the chamber is used to deposit Ta^ at 475°C, remotely activated species may be 
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provided to the chamber at the same temperature thereby eliminating the extra time 
required to change chamber temperature between the deposition process and the 
remotely activated cleaning process. 

Turning now to the schematic illustration of remote plasma generator 60 
which appears in Figure 1, the components and operation of remote plasma apparatus 
60 of the present invention can be better appreciated. Magnetron assembly 62 houses 
the magnetron tube, which produces the microwave energy. A representative 
magnetron tube 62 consists of a hot filament cylindrical cathode surrounded by an 
anode with a vane array. This anode/cathode assembly produces a strong magnetic 
field when it is supplied with DC power from a power supply. Elections coming into 
contact with this magnetic field follow a circular path as they travel between the anode 
and the cathode. This circular motion induces voltage resonance, or microwaves, 
between the anode vanes. An antenna channels the microwaves from magnetron 62 to 
isolator 64 and wave guide 66. Isolator 64 absorbs and dissipates reflected power to 
prevent damage to magnetron 62. Wave guide 66 channels microwaves from isolator 
64 into tuner 68. 

Tuner 68 matches the impedance of magnetron 62 and microwave cavity 72 to 
achieve the minimum degree of reflected power by adjusting the vertical position of 
three tuning stubs located inside wave guide 66. Tuner 68 could be adjusted manually 
or automatically. If an automatic tuner is employed with tuner 68, a feedback signal 
can be provided to the magnetron power supply in order to continuously match the 
actual forward power to the setpoint. Auto tuner controller 70 controls the position of 
the tuning stubs within wave guide 66 to minimize reflected power. Auto tuner 
controller 70 also displays the position of the stubs as well as forward and reflected 
power readings. 

If a manual tuner is used* the positions of the stubs could be set manually and 
adjusted as needed to minimize reflected power. Although more expensive than 
manual tuner controllers, automatic tuner controllers can strike and sustain a plasma 
with a cleaning gas such as, for example, NF3. Since it is more difficult to strike and 
sustain a plasma with only a cleaning gas generally an automatic tuner controller is 
required. With manual tuners, an extra plasma initiation step may be required where 
an inert gas is flowed through the remote apparatus and the plasma struck. Once the 
plasma is formed in the applicator with an inert gas, the cleaning gas is introduced. 
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Finally, the flow rate of the cleaning gas is increased to the desired flow condition 
while the inert gas flow is decreased until the desired gas flow or gas composition is 
obtained. 

Turning now to Figure 2 which shows a cross section of microwave applicator 
cavity 72 where gases from supply line 78 are exposed to microwave energy from 
magnetron 62. Applicator 72 has a cylindricaliy shaped sapphire tube 76 located 
within another cylindricaliy shaped quartz tube 75. In order to prevent overheating 
and damage to tubes 75 and 76, cooling water is provided to cooling water channel 77 
which sepa r ates tubes 75 and 76. Microwave energy exiting tuner 68 travels through 
microwave channel 7 1 which is coupled to applicator 72 and positioned such that 
exiting microwaves are directed towards tubes 75 and 76. Activation volume 73 is 
formed by the intersection of the cross section of channel 71 and sapphire tube 76. 
For example, activation volume 73 is about 4.733 x 10~ 3 liters in an embodiment 
where microwave channel 7 1 has a rectangular cross section with a height of about 3.4 
inches and a width of about 1.7 inches while tube 76 has an inner diameter of 1.04 
inches. Representative microwave power settings of between about 1400 - 3200 
Watts result in a power density of between 295,800 W/L to 676,100 W7L within 
activation volume 73. The power density is scalable and will vary depending on 
specific geometry of the system and the microwave power utilized Although 
described as rectangular and cylindrical, one of ordinary skill in the art will appreciate 
that other shapes can be employed in microwave channel 71 as well as tubes 75 and 
76. Although described as fabricated from sapphire and quartz respectively, tubes 76 
and 75 may also be formed from other suitable materials capable of sustained 
exposure to microwave energy. Additionally, inner tube 76 should be inert to the 
gases provided from supply line 78. 

Gas or gases supplied via gas supply line 78 enter water cooled sapphire tube 
76 within microwave applicator 72. The gas or gases subjected to the microwave 
energy ionizes producing reactive species which can then be used in cleaning and 
processing operations within processing chamber 10. For example, one such cleaning 
gas is NFj which can be used to supply reactive fluorine for cleaning processing 
chamber interior regions 24 and 26 when a substrate is not present in chamber 10. 
The microwave power level is one limit on the amount of reactive species created. 
For example, a microwave power level of about 3500 W is capable of completely 
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dissociating about 1700 seem of NFj. Gas flows above 1700 seem may result in 
incomplete cleaning gas dissociation. An optical plasma sensor 74 detects the 
existence of plasma within cavity 72. Reactive species generated within microwave 
applicator cavity 72 are supplied to chamber 10 via chamber supply line 88. 

Referring again to Figure 1, reactive species within chamber supply Line 88 
pass control valve 90 which could be an on/off valve or part of a diverter valve 
system. Employing a diverter in valve 90 allows for the continued operation of 
remote plasma generator while not requiring that reactive species be provided to 
chamber 10. Once past control valve 90, reactive species from remote plasma 
generator 60 flow through gas supply line 52, lid 20, gas distribution plate 30 and 
showerhead 32 before entering chamber interior regions 24 and 26. 

Gases to be dissociated in remote plasma generator 60 are stored in gas 
supplies 86 and 84. Valve and control mechanisms 80 and 82 represent electronic 
flow control units for gas supplies 86 and 84 respectfully. The output setpoint of 
valve and flow control mechanisms 80 and 82 is determined by the user and the 
resulting gas flow output is provided to microwave applicator cavity 72 via supply 
piping 78. In accordance with the present invention, gas supply 84 could be a source 
of cleaning gas to be dissociated into reactive species for the removal of deposits 
formed within chamber 10. Although the present embodiment will be described with 
respect to the use of NF$> the reactive gas or cleaning gas may be selected from a wide 
variety of halogens and halogen compounds. For example, the reactive gas may be 
chlorine, fluorine or compounds thereof, e.g. NFj. CF* SF«. C2F6. CCI4. C2CI6. 
Reactive gas selection will depend upon the material to be removed. For example, 
reactive fluorine may be used to remove or clean accumulations of T&zO$ as set forth 
in a representative embodiment of the present invention. 

Also in accordance with the present invention, gas supply 86 is a source of 
inert gas with a two fold purpose. For those microwave generator apparatus 60 having 
a manual tuner 60, an inert gas is used to initiate the plasma within microwave 
applicator cavity 72. Second, in accordance with the ratios described below, the inert 
gas is flowed concurrently with the reactive gas in order to prevent reactive species 
recombination thereby increasing the number of reactive species which reach chamber 
10. The addition of an inert gas also increases the residence time of those reactive 
species within chamber 10. Although the ratio between the inert gas and the cleaning 
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or reactive gas is described in relation to flow rates, the ratio of cleaning gas to inert 
gas could also be determined by any other means to describe the relative amounts of 
each gas provided to chamber 10. 

Although gas supply 78 is illustrated in Figures 1, 5 and 7 as flowing inert gas 
through applicator 72, it is to be understood that the inert gas could instead be 
provided to the flow of reactive species at supply line 88. Providing the inert gas into 
the flow of reactive species down stream of applicator 72 has the additional advantage 
of increasing the amount of power applied to the cleaning gas flow within applicator 
72 since only the cleaning gas flows through applicator 72. 

The present invention can be carried out in a processing chamber modified to 
operate in conjunction with a remote plasma generating source as illustrated in Figure 
1 . Figure 3 contains block diagram 300 which sets forth the novel cleaning process of 
the present invention. The remote plasma cleaning process is set forth in blocks 302 - 
308 of Figure 3. For purposes of illustration, the method of the present invention will 
be described as implemented for a processing system similar to processing system 5 of 
Figure 1. Accordingly, reference numbers and components shown in Figure 1 will be 
used in the description which follows. 

The first step of the present invention as set forth in block 301 is to conduct 
processing operations which results in the formation of deposits within a processing 
chamber. In this illustration, the processing operation described is for the thermal 
deposition of tantalum pentaoxide by mixing a tantalum precursor with an oxidizing 
agent at approximately 450°C. A substrate is placed on resistively heated substrate 
support and heater controller 44 adjusts the power provided heater 29 to maintain the 
substrate at an appropriate processing temperature of about 450°C. lift mechanism 
42 positions substrate support 28 and the wafer thereupon in chamber 10 relative to 
showcrhead 32 to a spacing of. for example. 400 mils. Gas supplies 46 and 48 of 
Figure 1 contain a oxidizing gas such as oxygen or nitrous oxide and a tantalum 
precursor such as TAT-DMAE or TAETO. An inert gas such as N 2 may be employed 
as a carrier gas for the Tantalum precursor. Valve and controller mechanism 50 mixes 
and adjusts the flow rate of the tantalum and oxidizing gases and delivers them to 
chamber 1 0. The temperature of the substrate positioned on support 28 is sufficient to 
form tantalum pentaoxide from the incoming gas stream. 
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Some processes necessitate cleaning after each substrate is processed. Other 
processes tolerate periodic cleaning after a consecutive series of processes sequences, 
or after the deposition of a specified film thickness. One example of periodic cleaning 
is the deposition of Ta 2 Os where a series of substrates are processed where each 
substrate receives about 100 angstroms (A) of Ta 2 C>5 film. After a number of 
substrates have been processed in this manner, the chamber is cleaned after the last 
substrate is removed from the chamber. A typical processing cycle for Ta 2 O s is 500 
wafers each with 100 angstroms (A) or, alternatively, cleaning the chamber once for 
every 1 micron of film deposited 

Chamber 10, like other deposition chambers, are designed to preferentially 
deposit film on substrates positioned within the chamber. Deposition will also occur 
on other surfaces within interior regions 24 and 26 with sufficient temperature to react 
the process gases. In a restively heated deposition chamber such as chamber 10 which 
has no means other than thermal energy for activation or to drive reactions, deposition 
is expected on those surfaces heated because of proximity to resistively heated 
substrate support such as the lower surface of showerhead 32 , the upper surface of 
pumping plate 34 and walls 32 surrounding first interior region 24. Since substrate 
support 34 is larger than the substrate being processed, deposition will also occur on 
the outer periphery of the upper surface of substrate support 34 not covered by the 
wafer being processed In a periodic cleaning process cycle, accumulations vary 
according to the number of wafers processes and the film thickness deposited on each 
wafer. 

Figure 4 illustrates view A of Figure 1 which is an enlarged view of the edges 
of pumping plate 34 and substrate support 28 separated by spacing 38 after the 
deposition process described above has taken place. Generally, Figure 4 is 
representative of the chamber specific accumulations which can occur. In a 
representative periodic clean process, for example the deposition of TajOs, wafers are 
processed in series of 100 with each wafer receiving a 100 A layer of Ta 2 0 5 . Such a 
processing cycle results in the highest accumulations, about 200 A, on exposed areas 
of and the edges of pumping plate 34 nearest to substrate support 28. The thickness of 
the accumulation on other chamber components varies according to the temperature of 
the component and the degree of exposure to process gases. 
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The apparent division of chamber 10 into interior regions 24 and 26 by 
pumping plate 34 and substrate support 28 is illustrative of the obstruction of certain 
chamber interna] regions by the interrelation of internal chamber components. Thus, 
the narrow spacing 38 between pumping plate 34 and substrate support 28 results in 
interior regions 24 and 26. The narrow spacing 38 is an area of reduced fluid 
communication between interior regions 24 and 26. Narrow spacing 38 is 
representative of an interference which occurs within processing chamber 10 such that 
the reaction conditions interior to the chamber beyond the preferred deposition region 
24 will be dissimilar. Obstructions and restrictions like spacing 38 are not limited to 
resistivefy heated chambers such as chamber 10 but also found in other processing 
chambers as well Examples from other processing apparatus where obstructions 
form different regions within a processing area include: portions of the horizontal 
position mechanism of a horizontal feed tube reactor are obstructed by the quartz boat 
used within the reactor so that the manner in which a quartz wafer boat utilize** in a 
tube reactor obstructs those portions of the tube blocked by the apparatus which 
moves the boat; shadow rings used in some etch processes have surfaces which arc 
not exposed to reactant gases and conversely surfaces which are exposed to and may 
accumulate the etched material; and substrate handling systems may result in lift 
mechanisms which can obstruct or otherwise restrict portions of a processing 
chamber.. 

Thus, in the specific embodiment of Figure 1 , chamber 10 is divided into first 
interior region 24 and second interior region 26. As a result of spacing 38 with 
support 28 nearly in plane with pumping plate 34, the effective chamber volume of 
first interior region 24 is approximately 0.6402 L. 

Continuing with flow diagram 300 of Figure 3 and as set forth in block 302, 
initiate a plasma within a remote plasma generator located outside of the processing 
chamber while there is no substrate in chamber 10. As described above, a plasma 
initiating gas would be utilized in a remote plasma system 60 having a manual tuner 
controller. In the case of an remote plasma system 60 having an automatic tuner 
controller, step 302 is not required since a sustainable plasma may be initiated directly 
from the selected cleaning gas. The plasma initiating gas may be any of the Group 
VEtt gases, such as for example. He, Ne, Xe, and Ar, or an inert gas such as N 2 , or 
other gas suitable for plasma initiation. Here, inert gas or plasma Initiating gas refers 
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to those gases which do not appreciably dissociate when exposed to the microwave 
energy at the power levels described. In a specific embodiment, gas supply 86 
contains Ar and valve and control mechanism 80 adjusts the flow of Ar to about 600 
standard cubic centimeters per minute (seem) which flows through supply line 76 into 
microwave applicator cavity 72. 

Inside applicator cavity 72 the gas stream passes through a water cooled 
applicator tube where it is exposed to microwave energy levels of at least 100W and 
preferably between about 1400 Watts and 3200 Watts generated by magnetron 
assembly 62. A representative microwave energy level suitable for a chamber 10 of 
Figure 1 and the gas flows described is about 1400 Watts. In an embodiment where 
Ar is used to initiate a plasma, microwave energy passes through the sapphire tube 
and an Ar plasma is created within microwave applicator cavity 72. The plasma 
produces high energy or internally hot Ar which flows into remote plasma supply line 
88, control valve 90, gas supply line 52 and into chamber 10. Chamber 10 is 
maintained at about 2.0 Torr while plasma is established in microwave applicator 
cavity 72. In those systems with a manual tuner, a typical time to initiate a remote 
plasma using an inert gas such as Ar and obtain a stable high energy Ar flow to 
chamber 10 is about 10 seconds or less. 

Next, as set forth in block 303, activate a gas in the remote chamber to form 
reactive species. Gas supply 84 could contain a halogen bearing gas such as C3 2 » HC1, 
CIF3, NF3, SF 6l F2 and HF. In the case of a remote apparatus 60 having an automatic 
tuner, steps 302 and 303 may be executed together since the gas to be activated could 
also be used to initiate the plasma. While maintaining the plasma within applicator 
72, the flow rate of the gas to be activated is provided by valve and controller 
mechanism 82 which allows gas to flow through supply line 78 into microwave 
applicator cavity 72. Inside applicator cavity 72 the gas stream passes through the 
water cooled sapphire applicator tube where the cleaning gas stream is exposed to 
microwave energy generated by megatron assembly 62 and the initiated plasma. A 
representative microwave energy level is about 1400 Watts. In an embodiment where 
NF 3 is used as a cleaning gas, dissociation within applicator cavity 72 produces 
reactive F, some N 2 , and trace amounts of NF and F 2 . Using NF3 has particular 
advantages such as its low dissociation energy and its production of multiple reactive 
fluorine species from each individual NF3 molecule. 
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Next, as set forth in block 304, provide a mixture of inert gas and reactive 
species to an interior region of the processing chamber. Since microwave application 
cavity 72 is located remote to chamber 10, reactive species generated by remote 
plasma system 60 flow some distance along chamber supply line 88 to reach chamber 
10. As a result* reactive species produced by dissociation with applicator cavity 72 
could collide and recombine while flowing to chamber 10. Instead of providing 
reactive species to remove deposits formed within chamber 10, recombined and less 
reactive gases are provided to chamber 10. In an embodiment where NF 3 is activated 
in applicator 72, reactive F may recombine and instead provide F 2 and NF 2 to 
chamber 10. Thus, recombination of the reactive species before chamber 10 reduces 
the efficiency of remote plasma generating system 60 to provide reactive species into 
chamber interior regions 24 and 26. Providing an inert gas with the reactive species 
increases the probability that molecular collisions enroute to chamber 10 will be 
between reactive species and inert gas thereby reducing the probability of reactive 
species recombination. 

In a representative embodiment where Ar is the inert gas and NF 3 is the 
cleaning gas, the respective flows rates could be adjusted to about 200 seem NP 3 and 
about 400 scan Ar. Maintaining about a 2: 1 ratio between the inert gas and the 
reactive gas reduces the probability that reactive species produced by the reactive gas 
dissociation will recombine. The optimal inert gas to reactive gas ratio may also vary 
based on the characteristics of the specific remote plasma generator utilized and the 
type of reactive gas employed. Advantageous results have been achieved when the 
inert gas to reactive gas ratio is maintained within about 25% of the 2: 1 ratio 
described above. 

Next, as set forth in block 305, is to adjust the pressure within the processing 
chamber. Generally, an aspect of chamber pressure is that higher pressure tends to 
decrease residence time of the reactive species within the chamber. However, when 
cleaning initially begins within region 24 the highest amounts of deposits are present. 
Even though the activated species have a shorter residence time and mean free path, 
the likelihood of activated species reacting with and removing deposits is high. It is 
believed that lower pressures, on the other hand, tend to lengthen the mean free path 
and residence time thereby allowing dispersion of the reactive species across the 
interior region of the chamber. In a specific embodiment of the present invention, a 
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chamber pressure of about 2.0 Ton results in cleaning rates which are higher on the 
substrate support 28 or central portion of the chamber than on walls 22 or outer 
portion of the chamber. 

Next, as set forth in block 306, is to remove deposits formed on interior 
regions of the processing chamber. Removing the deposits formed on the interior 
chamber surfaces or cleaning the chamber is accomplished by reacting the reactive 
species with the deposited film on the chamber surface to form a volatile compound. 
For example, in a chamber used for Tantalum Pentaoxide deposition such as the 
chamber 10 of Figure 1, NF3 can be remotely dissociated as described above to form 
reactive fluorine. The reactive fluorine then reacts with and removes the Tantalum 
Pentaoxide formed within the interior of chamber 10. Referring to chamber 10 
illustrated in Figure 1, most of the reactive species provided to chamber 10 will react 
with deposits formed within interior chamber region 24. The reactive species remain 
mostly in the effective volume of interior region 24 because of the narrow spacing 38 
between substrate support 28 and pumping plate 34. Some reactive species will 
interact with the tantalum pentaoxide deposits formed on the opposing edges and 
lower surfaces of substrate support 28 and pumping plate 34. Generally, most of the 
deposits removed will be those formed on surfaces within interior region 24. For 
example in chamber 10 of Figure 1, deposits formed on the lower surface of 
showerhead 32 and the upper surfaces of pumping plate 34 and substrate support 28 
would react with the reactive species to form volatile compounds. 

The likely deposits to be removed can be better appreciated by referring to 
Figure 4 which illustrates the enlarged view A of Figure 1 . Figure 4 shows that 
portion of the chamber where pumping plate 34 and substrate support 28 are separated 
by spacing 38. Because of their relative positions and the chamber design, spacing 38 
is at a minimum when pumping plate 34 and substrate support 28 are directly adjacent 
to each other or in the deposition position as shown in Figures 1 and 4. For a 
substrate support 28 in a position directly adjacent to pumping plate 34 as shown in 
Figures 1 and 4, spacing 38 is on the order of 0.088 and 0. 1 1 2 inches. Reactive 
species introduced into chamber region 24 would easily contact and react with 
deposits 25 formed on the top surfaces of pumping plate 34 and substrate support 28. 
To a certain extent reactive species introduced within region 24 are hindered from 
entering region 26 because of spacing 38. As a result, chamber interior region 24 
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which contains the majority of deposits to be removed is the first region cleaned. 
During the first cleaning cycle most of the cleaning occurs in the first region 24. 

Returning to flow diagram 300 of Figure 3 and as set forth in block: 307, the 
volatile compounds are removed from the processing chamber. As the reactive 
fluorine species react with the tantalum pentaoxide deposits to form volatile 
compounds, those compounds are exhausted from the interior regions of chamber 10 
via pump 15. This process continues until the deposits formed within processing 
region 24 have been removed Typical removal rates for reactive species generated 
from NF 3 with the 2: 1 inert gas/reactive gas ratio described above is about 1 micron of 
tantalum pentaoxide per minute. 

In a specific embodiment of the present invention, the first series of steps 304 
through 307 represent providing an advantageous inert gas - cleaning gas mixture to a 
small volume processing region and a high pressure. For example, the small volume 
processing region could be the volume of region 24 and the high pressure could be 
about 2 Torr. One skilled in the art will appreciate that blocks 304, 305, 306 and 307 
have been shown and described serially only for clarity in explaining the method of 
the present invention. In practicing the present invention, one skilled in the art could 
perform the steps described in blocks 304, 305, 306 and 307 in a different order or 
nearly simultaneously. 

The next step, as set forth in block 308, is to repeat steps 304, 305, 306 and 
307 until deposits formed on all interior chamber regions have been removed. This 
step takes into account restrictions caused by the relative positions of internal chamber 
components and the relationship between chamber pressure and reactive species. In 
the first series of steps 304, 305, 306 and 307, deposits were removed primarily from 
interior chamber region 24. In the second series of steps 304, 305, 306 and 307, 
reactive species are provided to and deposits are removed from another processing 
region or, alternatively, a series of processing regions. 

In the representative embodiment of chamber 10 illustrated in Figure 5, 
substrate support 28 has been repositioned so as to more easily allow remotely 
activated species into another interior region. Put another way, substrate support 28 is 
repositioned to increase the fluid communication between processing regions 24 and 
26. In this way, reactive species entering region 24 can more easily access region 26 
and react with deposits formed therein. In this representative embodiment, the interior 
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region refers to interior regions 24 and 26. Although illustrated with the movement of 
support 28, other chambers will have other components alter position relative to one 
another in order to increase fluid communication between first and second or second 
and subsequent processing regions. 

Turning now to Figure 5 which shows the processing system 5 of Figure 1 in 
which steps 301 through 307 above have been conducted. Chamber 10 of Figure 5 
also illustrates the placement of internal components to provide increased fluid 
communication to an additional processing region. In Figure 5, resistively heated 
substrate support 28 in a position below pumping plate 34 which effectively increases 
spacing 38 which in turn leads to increased fluid communication between region 24 
and region 26. As a result, reactive species entering region 24 more easily flow into 
region 26. For example, if the spacing of substrate support 28 in Figure 1 is about 400 
mils, the spacing in Figure 5 is about 550 mils. Processing system 5 of Figure 5 is 
otherwise similarly configured to processing system 5 of Figure 1. As such, similar 
components will be referred to by the same reference numbers. 

Referring now to Figure 6, which is enlarged view A of Figure 5, the effect of 
processing steps 301 through 307 as well as the enlarged spacing 38 can be better 
appreciated. Figures 5 and 6 illustrate substrate support 28 in a lowered position 
below the plane of pumping plate 34. Spacing 38 is considerably larger compared to 
the spacing 38 represented in when substrate support 28 and pumping plate 34 were in 
nearly the same horizontal plane as in Figures 1 and 4. Increased spacing 38 of 
Figures 5 and 6 allows remotely generated reactive species to be transported into 
lower chamber interior region 26 to effect the removal of deposits formed therein. 
Thus, with substrate support 28 in a lowered position, the effective volume of 
chamber 10 is now the full volume of both internal chamber regions 24 and 26 since 
spacing 38 is sufficiently large so as not to restrict reactive species introduced into the 
chamber from each interior region of die chamber. Also shown in Figure 6 is the 
removal of deposits 25 from the upper surfaces of both substrate support 28 and 
pumping plate 34 as a result of the first series of process steps 301 through 307. 
Additionally, as Figure 6 illustrates, deposits 25 on the edge and bottom surfaces of 
substrate support 28 and pumping plate 34 can now be removed since these areas are 
more readily accessible to reactive species. Step 308 represents the desire to repeat 
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steps 304 through 307 to remove additional deposits from additional processing 
regions insufficiently cleaned by the first series of steps 304 to 307. 

Returning to flow diagram 300 of Figure 3 and according to block 308. the 
next step is to repeat blocks 304, 305, 306 and 307 for other interior regions until ail 
deposits are removed or all interior regions are cleaned. It is to be appreciated that the 
ratio of inert gas to reactive species in the gas mixture provided to the processing 
region may change during each of the repeated series of steps 304 through 307 or 
remain at some desired ratio. For example, as described above, the inert gas and the 
cleaning gas may maintain an advantageous 2: 1 ratio. As shown in Figures 5 and 6, 
the interior region of the processing chamber as referred to by step 304 now includes a 
larger volume which includes interior regions 24 and 26. 

Next, according to block 305, is adjusting the pressure in chamber 10. Besides 
increasing spacing 38, it is believed that decreased pressure and the resulting increase 
in residence time will also help reactive species remove deposits from interior region 
26. Accordingly, the pressure within chamber 10 is decreased which spreads reactive 
species within interior regions 34 and 26. A typical pressure is about 900 mT or 
approximately half the pressure used in the first step 305. 

Next, according to block 306, is to remove deposits by reacting the reactive 
species with the deposits to form volatile compounds. Here, most of the deposits to 
be reacted are those remaining on substrate support 28 and pumping plate 34 shown in 
Figure 6 as well as other accumulations which may have occurred within lower 
deposition region 26. Cleaning continues in region 24 as reactive species react with 
deposits remaining in that region. As before, the reactive species react with the 
deposits within the processing region and form volatile compounds. 

hi a specific embodiment of the present invention, the second series of steps 
304 through 307 represents providing an advantageous inert gas - cleaning gas 
mixture to a larger volume processing region at a lower pressure. For example, where 
the inert gas - cleaning gas mixture is provided to the combined volumes of regions 24 
and 26 at a pressure of about 900 mT. Alternatively, the second series of steps are 
conducted at a pressure that is about half the pressure used in the first series of steps 
304 through 307 in a chamber interior region having a larger volume than the chamber 
volume cleaned in the first series of steps. 
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Next, according to block 307, the volatile compounds are removed from the 
chamber. For example, in chamber 10 volatile compounds would be exhausted from 
interior regions 24 and 26 via pump 15. If desired, control valve 90 could be aligned 
to divert or closed in order to prevent the reactive species and inert gas from reaching 
chamber 10. Diverting or otherwise preventing the reactive species and inert gas from 
entering chamber 10 allows any residual gases from previous cleaning operations to 
be exhausted. 

Next, according to block 308, steps 304, 305, 306 and 307 are repeated to 
remove deposits formed in other interior regions. Specifically contemplated is the 
repetition of steps 304 - 307 to provide reactive species to each interior chamber 
region created according to the specific configuration of the chamber to be cleaned by 
the method of die present invention. Just as substrate support 28 and pumping plate 
34 create upper and lower interior regions 24 and 26, other processing chambers will 
have chamber regions or divisions created by the particular internal components of 
that chamber. 

Although chamber regions 24 and 26 are described with respect to a narrowing 
between substrate support 28 and a pumping plate 34, these restrictions or 
obstructions are merely illustrative of similar problems which occur in virtually every 
type of processing apparatus. Some reactors employ a pumping plate as in chamber 
10 while other reactors will have process specific components which also partition, 
restrict gas flows or otherwise decrease fluid communication between processing 
regions within the chamber interior. An example includes R.F. enhanced plasma 
deposition chambers of the type with wafer handling and susceptor lifting mechanisms 
which, depending on their relative positions, obstruct one another from deposition and 
cleaning gases. In that type of chamber, processing regions may be created by 
alternating the handler and lifting mechanisms in order to effectively clean the 
chamber interior. Another example is an etch chamber which employs a shadow ring 
to preclude wafer movement during processing. In mat chamber, processing regions 
may be determined by the relative placement of the shadow ring within the chamber. 
Other examples include tube reactors and other processing systems that utilize track or 
conveyor systems to move substrates in and out of a processing area. Processing 
regions in these types of systems could be created by regions which are obstructed by 
the track system or conveyor system. Other examples of chamber type and process 
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type chamber regions and internal component obstructions within a given chamber 
will occur to those of ordinary skill in the art and are within the scope of the present 
invention. 

Next, according to block 309. is to deposit a layer of material inside the 
processing chamber prior to resuming processing operations. One purpose of this step 
is to remove residual cleaning gases, reactants and volatile compounds which if 
allowed to remain in the processing chamber may interfere with the subsequently 
deposited films. Although purging a chamber with inert gas may be sufficient in some 
circumstances, some processes achieve improved results by intentionally depositing a 
layer of film on interior chamber surfaces. The step of seasoning or intentionally 
depositing a layer of film in a process chamber is of particular importance where 
Fluorine has been used as a cleaning reactanL Residual fluorine may have detrimental 
effect on deposited film quality on subsequently processed substrates. Forming a 
layer of film in a chamber without a substrate present allows residual gases to react, 
form volatile compounds and be exhausted from the chamber. Additionally, particles 
remaining within the chamber will become entrapped in the deposited seasoning layer. 
In either case, the seasoning step ensures that unreacted or residual cleaning gases and 
by-products are removed from the chamber before resuming processing operations. In 
a representative embodiment such as a Tantalum deposition chamber, a layer of 
tantalum pentaoxide may be deposited on substrate support 28 and other interior 
surfaces of chamber 10 by flowing vaporized TAT-DMAE and an oxidizing gas into 
the chamber at a temperature of about 475° C. A representative seasoning layer for 
Ta 2 0 5 about 2500 A. The particular thickness and composition of a seasoning layer 
will vary depending on the chamber and type of film deposited. 

The final step of the present invention, block 310, is the resumption of 
processing operations is chamber 10. One such processing operation is the thermal 
deposition of tantalum pentaoxide by mixing a tantalum precursor with an oxidizing 
agent at approximately 450°C. Accordingly, a substrate is placed on resistively heated 
substrate support 28. Heater controller 44 adjusts the power provided heater 29 to 
maintain the substrate at an appropriate processing temperature of about 450°C. Lift 
mechanism 42 positions substrate support 28 and the wafer thereupon in chamber 10 
relative to showerhead 32 to a spacing of, for example, 400 mils. Gas supplies 46 and 
48 of Figure I contain a oxidizing gas such as oxygen or nitrous oxide and a tantalum 
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precursor such as TAT-DMAE or TAETO. Valve and controller mechanism 50 
mixes and adjusts the flow rate of the tantalum and oxidizing gases and delivers them 
to chamber 10. The temperature of the substrate positioned on support 28 is sufficient 
to form tantalum pentaoxide from the incoming gas stream. 

An alternative method of the present invention may also be practiced within a 
single processing region of a chamber having multiple processing regions ( e.g. first 
and second processing areas 24 and 26 of chamber 10) or in chambers haying only a 
single processing region such as chamber 100 of Figure 7. The alternative method is 
practiced by adjusting the cleaning gas/inert gas ratio and the chamber pressure. 
Turning now to figure 7, an embodiment of a chamber having a single processing 
region can be better appreciated. 

Figure 7 illustrates a representative chamber 100 having a single processing 
region. Chamber 100 could be an Ultima High Density Plasma (HDP) Chemical 
Vapor Deposition (CVD) chamber or Ultima HDP CVD™ chamber manufactured by 
Applied Materials, Inc. of Santa Clara, California. Chamber 100 is coupled to plasma 
generating apparatus 60 and gas supplies 46 and 48. Chamber 100 has a chamber 
body 105 and a lid 1 10 that together form a pressure and temperature controlled 
processing region 107. Substrate support 125 has a top support surface 126 and is 
disposed within processing region 107. Support arm 130 is coupled to chamber body 
105 and supports substrate support 125. Pressure within processing region 107 is 
provided by turbo pump 140 and roughing pump 150. Throttle valve and gate valve 
assembly 135 separates processing region 107 from turbo pump 140 and roughing 
pump 150 and controls the pressure within processing region 107. Plasma apparatus 
60 and as well as other similarly numbered elements shown in Figure 7 are the same 
as described above with regard to Figures 1 and 5. Although, remote plasma 
apparatus 60 of Figure 7 is a manual tuner controller 68, an automatic tuner controller 
could also be used to dissociate the cleaning gas. 

Gas supplies 48 and 46 could be any of a variety of process gases used to 
deposit commercial quality semiconductor films. Gas supplies 46, 48 and valve and 
controller 50 could be configured to provide precursor material into processing region 
107 in order to deposit silicon dioxide, silicon nitride, fluorine doped, silicate glass 
(FSG) or other low dielectric constant films, phosphorus doped silicate glass (PSG) or 
other premetal dielectric films. Gases from gas supplies 48 and 46 flow through gas 
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supply inlet 52 and then through chamber gas inlets 120. Induction coils 1 12 provide 
RF energy to the portion of region 107 above substrate support top surface 126 for 
deposition processes conducted within chamber 100. The RF energy provided by 
coils 1 12 is used only for deposition processes and is not used during the remote 
cleaning processes of the present invention. In a typical plasma enhanced deposition 
reactor such as chamber 100 in Figure 7. deposits would tend to form primarily in the 
area delineated by coils 1 12. The influence of coils 1 12 on deposition within 
processing region 107 results in the highest concentrations of deposits occurring on 
the substrate support top surface 126 and along the sides of substrate support 125 and 
support arm 130. To a lesser extent, deposits also form on the interior surfaces of 
chamber lid 1 10 and chamber body 105. 

An alternative method of the present invention can be conducted in a single 
processing region of a chamber, can be better understood by turning to Figure 8. 
Figure 8 is a flow chart of the single processing region method of the present 
invention. 

First, as set forth in block S01 of flow diagram 800 in Figure 8, after forming 
deposits within the processing chamber and removing processed substrates from the 
chamber, initiate a plasma in the remote plasma apparatus. Since a manual tuner 
controller is used, the plasma is more readily initiated through the use of a plasma 
initiating gas. Plasma initiation could be accomplished by flowing an inert gas such 
as Ar through applicator 72 at a rate of about 1000 seem. Alter the pressure within 
chamber 100 rises above 600mT. magnetron 62 directs microwave energy to the Ar 
gas flow within applicator 72. Once the plasma is initiated, the cleaning gas is 
introduced by reducing the flow of the plasma initiating gas while increasing the flow 
of the cleaning gas. In a representative embodiment using Ar and NF 3 , Ar could be 
flowed at about 1000 seem with magnetron 62 producing microwave energy at about 
3200 W to initiate a plasma. NF 3 could then be introduced into applicator 72 at about 
100 seem, Shortly thereafter, the flow rate of the cleaning gas is increased while the 
flow rate of the inert gas is decreased. The result provides a sustained plasma in 
applicator 72 with the cleaning gas flowing through the applicator and being 
dissociated in the plasma. In a specific example where only the cleaning gas or NF 3 is 
desired, the Ar flow rate could be stopped after a stable plasma is formed with the NF 3 
flow. Typically in manually tuned systems, Ar is introduced at about 1000 seem for 
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plasma strike. The NFj is introduced and then the Ar flow is adjusted according to the 
desired Ar7NF 3 ratio. The plasma is now initiated and sustained with only the 
cleaning gas being introduced and dissociated in applicator 72. It is to be understood 
that the above process is illustrative of initiating a plasma in a manual tune remote 
plasma system. An automatically tuned remote plasma system could also be 
employed to activate or dissociate the cleaning gas directly without first using an inert 
gas or other plasma initiating gas to initiate a plasma within applicator 72. 

Next, as set forth in block 602, is to determine whether to provide cleaning gas 
dilution. Cleaning gas dilution refers to the addition of an inert gas into the flow of 
the cleaning gas or reactive species producing gas. As step 802 indicates, die cleaning 
gas can be provided alone or in combination with an inert gas. If cleaning gas dilution 
is desired, the next step is set forth in block 811. If cleaning gas dilution is not 
desired, the next step is set forth in block 803. 

In the case where cleaning gas dilution is not desired, proceed to block 803 
which provides an adjustment to the cleaning gas flow rate. In this step, the cleaning 
gas flow rate is adjusted to the desired cleaning step flow rate from the flow rate 
utilized during plasma initiation. The cleaning gas flow rate could vary depending, 
for example, upon on the cost of the cleaning gas to be consumed, the power capacity 
of magnetron 62 and the type of film deposit to be cleaned from the chamber. Recall 
that the power output of magnetron 62 limits the rate of cleaning gas flow which can 
be completely or nearly completely dissociated. For example, it is believed that a 
magnetron 62 rated at 3500 W in a remote plasma apparatus 60 can achieve about 
99% dissociation of a 1700 seem NF 3 gas flow. For a constant magnetron power of 
3500 W, gas flows greater than 1700 seem could result in decreased dissociation 
percentages. For a given cleaning gas flow rate, lower magnetron power output levels 
could also result in lower dissociation percentages. For example, an NF3 flow rate of 
300 seem and a magnetron power of 500 W may produce only about 95% dissociation 
while an NF 3 flow rate of 1500 seem and a magnetron power of 3200 W may produce 
99% or higher dissociation. After adjusting the cleaning gas flow rate to the desired 
rate, proceed to block 804. 

In the case where cleaning gas dilution is desired, then a mixture of cleaning 
gas and inert gas is provided to the remote plasma applicator. Cleaning gas dilution 
could also be accomplished by flowing only the cleaning gas through applicator 72 
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with the inert gas being introduced downstream of applicator 72. In this case, proceed 
as set forth in block 811 which provides an adjustment to the cleaning gas flow rate. 
As stated with regard to block 803, the cleaning gas can be adjusted to the desired 
rate. After adjusting the cleaning gas flow rate, the next step in cleaning gas dilution 
is to adjust the inert gas flow rate to the desired rate. The adjustment of the cleaning 
gas and the inert gas in blocks 8 1 L and 812 is achieved by valve and controllers 80 
and 82 of Figure 7. One of ordinary skill will appreciate that the sequence of 
adjusting could be reversed so that the inert gas flow is altered before the cleaning gas 
flow or the gas flows could be adjusted nearly simultaneously. In an illustrative 
embodiment of the present invention where magnetron 62 delivers 3200 W of 
microwave energy to applicator 72, the cleaning gas is NF3 and the inert gas is Ar, 
representative flow rates for cleaning gas dilution according to the present invention 
could have a NFa/Ar flow ratio of one to one or, preferably, two to one. In a specific 
embodiment of the present invention, the Ar gas flow rate is 750 seem, the NF3 flow 
rate is 1500 seem and the microwave energy directed to applicator 72 is 4500 W. 

After adjusting the cleaning gas flow rate according to block 803 or adjusting 
the cleaning gas and the inert gas flows according to blocks 81 1 and 812, the next 
step, as set forth in block 804, is to provide reactive species to the processing 
chamber. Regardless of whether or not cleaning gas dilution is employed, cleaning 
gas dissociation occurs as the cleaning gas passes through applicator 72 and is 
exposed to the microwave energy generated by magnetron 62. So long as sufficient 
microwave energy is provided, cleaning gas provided into applicator 72 will dissociate 
and form reactive species. For example, if NF3 is employed as a cleaning gas, the 
dissociation that occurs within applicator 72 will produce reactive F, some N 2 , and 
trace amounts of NF and F2. Referring again to the illustrative embodiment of 
chamber 100 in Figure 7, reactive species exiting applicator 72 flow through supply 
line 88 past diverter 90 and into chamber supply line 52. From chamber supply line 
52, reactive species are provided to processing region 107 via chamber gas inlets 120. 

Turning again to Figure 8, the next step as set forth in block 805. is to adjust 
the chamber pressure. One method to monitor the pressure within processing region 
107 is to employ a capacitance manometer. The desired pressure within processing 
region 107 is obtained by adjusting the position of throttle valve/gate valve assembly 
135 to increase or decrease the conductance between processing region 107 and 
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pumps 140 and 150. Advantageous results have been obtained in pressure ranges 
between 1 T and 4 T or preferably about 1 .8 T and 3 T. 

Next, as set forth in block 806. is to react reactive species with and remove 
chamber deposits. Reactive species entering processing region 107 will combine with 
the deposits formed in processing region 107 to form volatile compounds that are 
exhausted from the chamber. In a typical plasma enhanced deposition reactor such as 
chamber 100 in Figure 7, deposits would tend to form primarily in the area delineated 
by coils 112. As a result of the influence of coils 1 12 on deposition processes 
conducted within processing region 107, the highest concentrations of deposits are 
believed to occur on the substrate support top surface 126 and along the sides of 
substrate support 125 and support arm 130. Deposits also form on the interior 
surfaces of chamber lid 1 10 and chamber body 105. Reactive species entering 
processing region 107 react with the deposits, form volatile compounds and are 
exhausted from processing region 107. 

The next step, as set forth in block 807, is a decision whether to modify gas 

flow. 

In the case where a different inert or cleaning gas flow is desired, return to 
block 802. At block 802, determine whether cleaning gas dilution will be continued 
as in the case where dilution is in use, or will be implemented as in the case where 
non-diluted cleaning gas was employed. Based on adjustments made according to 
block 803, in the case of no cleaning gas dilution, or according to blocks 8 1 1 and 812, 
in the case of cleaning gas dilution, provide reactive species to the processing chamber 
(block 804) at the adjusted flow rate. The modified gas flows are employed as before 
and the chamber pressure can also be adjusted in block 805. Next, the reactive species 
can react with and remove deposits according to block 806. Once again, and for as 
many times as necessary, a block 807 determination could be made to return to block 
802 and repeat the above steps for different gas flows and chamber pressures. 

Once the number of repetitions from block 807 to block 802 are complete or in 
the case where no gas flow rate adjustment is desired, proceed to the next block which 
is block 808. 

The next step, as set forth in block 808, is to determine whether chamber 
pressure is to be modified. This step allows the same gas flow to be provided to the 
chamber while providing different pressures within chamber 100. For example. 
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determining not to modify the gas flow in block 807 followed by deciding to modify 
chamber pressure in block 808 results in the previously determined compositions of 
reactive species or reactive species/inert gas mixture being provided to processing 
region 107 under different pressure conditions. For example, the chamber might be 
maintained at a constant pressure while providing a variety of different gas flow 
combinations (e.g., in the case where no pressure adjustment is made in block 805 
while opting to adjust gas flows in block 807). Alternatively, various pressures could 
be employed in chamber 100 while maintaining constant gas flow rates as in the case 
where no gas flow modification is selected in block 807 but chamber pressure 
modification is selected at block 808. Also anticipated is a cleaning method which 
employs multiple pressures and multiple gas flow combinations. As stated above, 
higher pressures generally result in shorter mean free paths for gases while lower 
pressures generally result in longer mean free paths for gases. For example, a higher . 
pressure may be used for initial cleaning steps when deposits are greatest and 
reactions between reactive species and deposits likely. As cleaning progresses and 
deposits are reduced, lower pressures can be employed to increase residence time 
thereby increasing the likelihood of reaction between the longer residence time 
reactive species and the remaining deposits. Also contemplated in the method of the 
present invention is the advantageous use of both cleaning gas dilution and low 
chamber pressure to increase the residence time and decrease the recombination of the 
reactive species thereby improving the chamber cleaning process. 

After conducting desired gas flow and pressure combinations provided through 
responses to blocks 807 and 808, the next step as set forth in block 809 is to season 
the chamber. As described above with regard to a Tantalum disposition chamber, the 
quality and reliability of many deposition processes are improved if steps are taken to 
remove from the processing region residual cleaning gases, reactive species and other 
volatile compounds created by the cleaning process described above. In the case 
where the subsequent processing operations include the deposition of silicon nitride, a 
layer of about 1000 A silicon nitride is deposited within processing region 107. In the 
case of silicon dioxide, fluorine doped silicate glass (FSG) or other low dielectric 
constant films (i.e. films having a dielectric constant below 4.0), phosphorus doped 
silicate glass (PSG) or other premetal dielectric films, a layer of about 1000 A of 
silicon dioxide is deposited within processing region 107. 
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Block 8 10 of flow diagram 800 sets forth the last step of the present invention 
which is to resume chamber processing. The cleaning process of block 800 can be 
repeated as desired depending upon processing requirements. Representative cleaning 
cycles for typical semiconductor fabrication processes include cleaning the chamber 
after three to five substrates are processed or after about 3 Jim of film has been 
deposited on substrates processed in chamber 100. 

The description above with regard to Figure 8 sets forth the steps of block 
diagram 800 serially to provide a more through understanding of the present 
invention. One of ordinary skill in the art will appreciate that many of the steps may 
be conducted simultaneously or nearly simultaneously. Other minor deviations within 
flow diagram 800 are also within the scope of the present invention. For example, 
steps 611 and 812 could be performed in reverse order such that when cleaning gas 
dilution is desired, the inert gas flow is adjusted before the cleaning gas flow is 
adjusted. Additionally, the chamber pressure may be adjusted (blocks 805 and 808) 
before the determination of whether or not to employ cleaning gas dilution (blocks 
802, 81 1, 812 and 807). 

The method of the present invention set forth in flow diagram 800 can be 
better appreciated by considering the following representative examples. In an 
embodiment of the present invention, the processing chamber is maintained at a 
constant pressure while a cleaning gas is provided alone and then in combination with 
an inert gas in accordance with the present invention. The chamber could have been 
used for processing operations including the deposition of a low dielectric constant 
(i.e. a dielectric constant less than 4.0). One such film is fluorine doped silicate glass 
(FSG). After conducting processing operations which form deposits within the 
processing chamber and removing the last wafer processed, a 3200 W plasma could 
be initiated in the remote plasma apparatus. An inert gas such as Argon could be used 
to initiate the plasma if a manual tuned microwave generator is employed. After 
initiation, a cleaning gas is provided to the remote plasma apparatus to generate 
reactive species. In this example, NF 3 is used and cleaning gas dilution (block 802) is 
not employed in this portion of the process. Next, according to block 803 the cleaning 
gas flow rate is adjusted to the desired flow rate. In this example, NF 3 is provided at 
about 1500 seem. As the NF3 dissociates and provides reactive species to the 
processing chamber (block 804) the chamber pressure is maintained at a constant 
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pressure of about 3 Torr (block 805). Reactive species provided by the dissociated 
cleaning gas react with the deposits formed within the chamber to form volatile 
compounds that are exhausted from the chamber (block 806). In this example the 
reactive species are reactive fluorine which removes FSG deposits at between about 
1.2 ii/min to 0.9 u/min. In a process where the chamber is cleaned after 3\im of 
deposition material is allowed to accumulate, this step lasts approximately 75 to 100 
seconds. 

The next step in this example is to modify gas flow in response to block 807 
and employ cleaning gas dilution in response to block 802. In response to blocks 811 
and 812, the cleaning gas and inert gas flows are adjusted and maintained ai a level 
such that complete or nearly complete dissociation occurs in applicator 72. In this 
example, the cleaning gas is NF 3 and inert gas is Argon and they are provided in a 1:1 
ratio, where NF3 could be adjusted to 750 seem while Ar is adjusted to 750 seem. 
Alternatively, advantageous results may be obtained by providing a 2:1 ratio between 
the cleaning gas and the inert gas Again using NF3 and Ar as examples, the flows 
could be adjusted to provide 1000 seem NF3 while providing 500 seem Ar. In both 
the 1 : 1 and 2: 1 ratio examples where the cleaning gas is NF3 or other gas with a 
similar dissociation energy requirement, the total flow rate through applicator 72 is 
1500 seem which if employed with a 3500 W output from magnetron 62 is believed to 
produce complete or nearly complete (i.e. about 99%) dissociation of the cleaning gas. 

As the cleaning gas, in this example NFS, dissociates and provides reactive 
species to the processing chamber (block 804) the chamber pressure is maintained at a 
constant pressure of about 3 Torr (block 805). Reactive species provided by the 
dissociated cleaning gas react with the deposits formed within the chamber to form 
volatile compounds that are exhausted from the chamber (block 806). 

Next, after the removal of deposits conducted in accordance with block 806 is 
complete, then the cleaning gas and inert gas flows could be modified according to 
blocks 807 and 802 to provide another combination of cleaning gas and inert gas or to 
provide cleaning gas alone. According to this specific example, gas flow and chamber 
pressure modifications according to blocks 807 and 808 are not desired. Instead, in 
accordance with block 809, the chamber is seasoned by depositing a layer of film 
before resuming processing operations. For example, in a processing apparatus used 
to deposit FSG a layer of about 1000 A of SiCb may be deposited. In this specific 
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example, the next step in according to block 8 10 is to resume FSG deposition 
operations in the processing chamber. 

In another speciGc embodiment of the present invention, the cleaning method 
would employ at least two different pressures along with cleaning gas alone and 
cleaning gas diluted by an inert gas. Initially, a high pressure is used when the amount 
of deposits is greatest followed by a low pressure clean when the amount of deposits 
is reduced and dispersed within the chamber. The chamber could have been used for 
processing operations such as the deposition of a premetal dielectric. One such film is 
phosphorus doped silicon glass (PSG). After conducting processing operations which 
form deposits within the processing chamber and removing the last wafer processed, a 
3200 W plasma could be initiated in the remote plasma apparatus* As described 
above, an inert gas such as Argon could be used to initiate the plasma if a manual 
tuned microwave generator is employed. After initiation, a cleaning gas is provided to 
the remote plasma apparatus to generate reactive species. In this example, NF3 is used 
and cleaning gas dilution (block 802) is not employed in this portion of the process. 
Next, according to block 803 the cleaning gas flow rate is adjusted to the desired flow 
rate. In this example, NF 3 is provided at about 1500 seem As the NFj dissociates 
and provides reactive species to the processing chamber (block 804) the chamber 
pressure is maintained at a constant pressure of about 3 Torr (block 805). Reactive 
species provided by the dissociated cleaning gas react with the deposits formed within 
the chamber to form volatile compounds that are exhausted from the chamber (block 
806). 

The next step in this representative remote clean process of the present 
invention is to modify the gas flow in response to block 807 and employ cleaning gas 
dilution in response to block 802. In response to blocks 81 1 and 812, the cleaning gas 
and inert gas flows are adjusted. In this example where the cleaning gas is NF3 and 
inert gas is Argon, the gases could be provided in a 1 : 1 ratio such as where NF3 is 750 
seem and As is 750 seem. Alternatively, better cleaning uniformity may be obtained 
by providing a 2: 1 ratio between the cleaning gas and the inert gas as in where the gas 
flows are adjusted to provide 1000 seem NFj and 500 seem Ar or, preferably, 1500 
seem NF 3 and 750 seem Ar. As in the previous example, total flow through applicator 
72 and microwave power are maintained at a level where complete or nearly complete 
dissociation of the cleaning gas is achieved. 
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As the cleaning gas inert gas mixture dissociates and provides reactive species 
to the processing chamber (block 804) the chamber pressure is decreased to a pressure 
of about 1 .8 Torr (block 805). Reactive species have a longer residence time at the 
lower pressure thereby increasing the likelihood that they will react with the 
remaining deposits formed within the chamber to form volatile compounds that are 
exhausted from the chamber (block 806). 

After the removal of deposits conducted in accordance with block 806 is 
complete, the chamber is seasoned by depositing a layer of film in accordance with 
block 809 before resuming processing operations. For example, in a processing 
apparatus used to deposit PSG a layer of about 1000 A of Si02 may be deposited in 
processing region 107 while no substrate is present within region 107. Next according 
to block 810, resume the deposition of PSG films on substrates in the processing 
chamber. 

In addition to the above specific embodiments, it is anticipated that several gas 
flow rates and chamber pressures may be employed and modified through successive 
iterations of the steps in block diagram 800. It is also anticipated that the methods of 
block diagram 800 may be employed with the methods of block diagram 300. One 
result illustrative of such a combined method would be the employment of the gas 
mixing and chamber pressure adjustments of block diagram BOO into the multiple 
interior regions formed within a processing reactor 10. 

Referring now to Figures 9, 10 and 1 i, the advantageous cleaning rale and 
cleaning uniformity achieved by a method of the present invention set forth in Figure 
3 can be better appreciated. The results illustrated in Figures 9, 10 and 1 1 were 
obtained by measuring the initial thickness and uniformity of a Si0 2 film deposited on 
several 200 mm wafers then exposing those wafers to different process conditions 
within a chamber 10 to determine the effect of the different process conditions on 
cleaning rate and uniformity. After exposure to a particular cleaning process 
environment, film thickness and uniformity was again measured and compared to the 
original thickness and uniformity. Each graph represents a different variable such as 
various At flow rates in Figure 9, various NIS flow rates in Figure 10 and various 
chamber pressures in Figure 1 1. 

Figure 9 represents the effect of increased Argon flow rate on clean rate and 
uniformity while chamber pressure and NF 3 flow are constant. While maintaining a 
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chamber pressure of 2 Torr and a NF 3 flow rate of 200 seem, Ar flow was varied from 
0 to 1000 seem. The flow rate of 400 seem provided the highest clean rate of about 
7500A/min and the lowest uniformity of about 11%. As Ar flow rate increased above 
400 seem or as the NF 3 flow is further diluted by the higher Ar flow, the cleaning rate 
decreased to between about 4100 and 5800 A/min while die uniformity increased to as 
much as 35%. As the Ar flow decreased below 400 seem the cleaning rate decreased 
below 7500A/min to as low as 6000 A/min while the clean uniformity increased to 
between 12 % to 25 %. 

Figure 10 represents the effect of increased NF 3 flow on cleaning rate and 
uniformity. While maintaining chamber pressure at 2 Torr and Ar flow rate at 400 
seem, NF3 flow rate was increased from 0 seem to 400 seem. At 200 seem of NF*. the 
cl eanin g rate was about 7500 A/min with a clean uniformity of about 10 %. 
Increasing NF3 flow above 200 seem led to a decreased dean rate of about 6000A/min 
and an increased clean uniformity of about 15%- Decreasing the NF 3 flow rate below 
200 seem decreased the cleaning rate to about 3000 A/min while increasing the clean 
uniformity to between 20% to 30%. 

Figure 1 1 represents the effect of chamber pressure on cleaning rate and clean 
uniformity for constant Ar and NF3 flow rates. At 2 Torr chamber pressure the clean 
uniformity was about 10% while the clean rate was about 7500A/min. At pressures 
below 2 Torr the clean uniformity is only moderately increased however the cleaning 
rate decreases to about 3000A/min. At pressures above 2 Torr, the uniformity is above 
20% while the cleaning rate is only about 3000A/min. A higher cleaning rate is 
indicative of a more rapid clean and a low cleaning uniformity indicates that the 
cleaning radicals are more evenly applied throughout the chamber interior thereby 
reducing the likelihood that some chamber components may be overclcaned and 
damaged. Thus, a review of the results obtained and illustrated in Figures 9, 10 and 
1 1, an advantageous clean having the highest cleaning rate and lowest uniformity 
could be achieved using the methods of the present invention in a chamber 10 at a 
pressure of 2 Torr and Ar/NF 3 mixture activated in applicator 72 and provided to the 
chamber in a 2: 1 ratio or the specific embodiment of 400 seem Ar and 200 seem of 
NF3 and a microwave power of 1400 Warts. 

Figure 12 represents alternative results obtained in a test conducted in a 
chamber similar to chamber 100 of Figure 7. In this test a silicon dioxide film was 
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deposited on a 300 mm wafer and the initial thickness and uniformity of the film was 
measured The wafer was then placed in a chamber 100 and exposed to cleaning 
process conditions similar to the cleaning method set forth in Figure 8. After 
conducting the cleaning process, the wafer was removed from the chamber and the 
thickness and uniformity of the film was again measured. These post cleaning 
measurements are illustrated in Figure 12. The method of Figure 8 was conducted in 
a chamber 100 with a 1 :2 Ax/NF 3 ratio, in this embodiment a 750 seem Ar flow and 
1500 seem NF3 flow were used, with a microwave power of 4500 Watts and a 
chamber pressure of 3 Torr. This specific embodiment of the method of Figure 8 
achieved a cleaning uniformity of 4.34% and a cleaning rate of 2000 A/min. 

While specific embodiments of the invention have been shown and described, 
further modifications and improvements will occur to those skilled in the art. It is 
desired that it be understood, therefore, that the invention is not limited to the 
particular form shown and it is intended in the appended claims which follow to cover 
all modifications which do not depart from the spirit and scope of the invention. 

4 Brief Description cf Dra»iofS 

Figure 1 is a cross sectional and schematic view of a processing system of the 
present invention. 

Figure 2 is a cross sectional view of a remote plasma applicator cavity. 
Figure 3 is a block diagram illustrating a method of the present invention. 
Figure 4 is enlarged view A of Figure 1 . 

Figure 5 is a cross sectional and schematic view of a processing system of the 
present invention; 

Figure 6 is enlarged view A of Figure 4. 

Figure 7 is a cross sectional and schematic view of a single volume processing 
chamber and the remote plasma apparatus of the present invention. 

Figure 8 is a block diagram illustrating a method of the present invention. 

Figure 9 is a graph illustrating the effect of Argon flow on cleaning rate and 
cleaning uruformity. 

Figure 10 is a graph illustrating the effect of NF3 flow on cleaning rate and 
cleaning uniformity. 

Figure 1 1 is a graph illustrating the effect of chamber pressure on cleaning rate 
and uniformity. 

Figure 12 is a thickness map of a 300 mm wafer exposed to a cleaning method 
according to the present invention. 
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FIGURE 3 
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A processing chamber cleaning method is described which utilizes microwave energy 
to remotely generate a reactive species to be used alone or in combination with 'an 
inert gas to remove deposits from a processing chamber. The reactive species can 
remove deposits from a first processing region at a first pressure and then remove 
deposits from a second processing region at a second pressure. Also described is a 
cleaning process utilizing remotely generated reactive species in a single processing 
region at two different pressures. Additionally, different ratios of reactive gas and 
inert gas may be utilized to improve the uniformity of the cleaning process, increase 
the cleaning rate, reduce recombination of reactive species and increase the residence 
time of reactive species provided to the processing chamber. 
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